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compound or pharmaceutical ly acceptable salt thereof which exhibits 
an excellent HIV protease inhibitory activity and an excellent 
bioavailability from digestive tracts, and an anti-AIDS agent 
comprising said dipeptide compound as an effective ingredient. 
General formula ( I ) : 
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OH I 
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(wherein R x represents 5-membered or 6-membered monocyclic 
hydrocarbon group or heterocyclic group wherein more than one 
carbon atom of said monocyclic hydrocarbon group is substituted 
with hetero atom. x represents methylene group ( -CH 2 - ) . 
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chloromethylene group ( -CH( CI )- ), oxygen atom sulfur atom or 
sulf onyl group ( -S0 2 - ) . R ai and R„ each represents hydrogen atom or 
aliphatic hydrocarbon group having 1-6 carbons. R 3 represents 

aliphatic hydrocarbon group or monovalent group derived from 
, aromatic monocyclic hydrocarbon having 1-6 carbons.) 



Abstract 



The present invention provides a novel dipeptide 
compound or pharmaceutical^ acceptable salt thereof which exhibits 
an excellent HIV protease inhibitory activity and an excellent 
bioavailability from digestive tracts, and an anti-AIDS agent 
comprising said dipeptide compound as an effective ingredient. 
General formula (I): 




OH 



X 



N-8 3 
H 



(wherein R, represents 5-meaibered or 6-membered monocyclic 
hydrocarbon group or heterocyclic group wherein more than one 
carbon atom of said monocyclic hydrocarbon group is substituted 
with hetero atom. x represents methylene group (-CH 2 -), 
chloromethylene group ( -CH( CI)- ) , oxygen atom sulfur atom or 
sulfonyl group (-SO,-). R n and R, 2 each represents hydrogen atom or 
aliphatic hydrocarbon group having 1-6 carbons. R, represents 
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aliphatic hydrocarbon group or monovalent group derived from 
aromatic monocyclic hydrocarbon having 1-6 carbons.) 
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thereof and medical use thereof 
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Title of the Invention 

Novel Dipeptide Compound Or Pharmaceutical ly Acceptable Salt 
Thereof And Medical Use Thereof 

Field of the Invention 

The present invention relates to a novel dipeptide compound 
having an inhibitory action against enzymatic activity of protease 
derived from HIV virus. More specifically, it relates to a novel 
dipeptide compound having an acyl group of a monocyclic compound 
carboxylic acid which links to an amino group of N-terminal of the 
dipeptide. 

In addition, the present invention relates to a medicinal use 
which use an inhibitory action of a novel dipeptide compound 
against a protease derived from HIV virus and suppress the 
proliferation of HIV virus in vivo. 

Background of the Invention 

Human immunodeficiency virus (hereinafter referred to HIV) 
which causes AIDS produces a precursor protein comprising Gag 
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protein used for the formation of the said virus particles and 
reverse transcriptase in host cells. This precursor protein is 
cleaved by a protease (hereinafter referred to HIV protease) 
derived from the virus into a specific size to perform its 
function. Therefore, a HIV protease inhibitor exhibits antiviral 
activity by inhibiting an enzymatic activity of HIV protease to 
block the formation and maturation of infectious virus particles. 
Several kinds of HIV protease inhibitors have been already 
reported, comprising synthetic peptide-like compound called as a 
transition-state mimetic (T. Robins, J. Plattner, J. Acguir. immun. 
Defic. Syndr. fi, 162 (1993)). Hydroxyethylamine type derivatives 
such as Ro 31-8959 comprising phenylalanine WCH(OH )CH 2 N] 
decahydroisoquinoline carboxylic acid skeleton similar to the amino 
acid sequence -Tyr...Pro- or -Phe...Pro- as a cleavage site of the 
HIV protease (N. A. Roberts et al.. Science 248, 358-361 (1990)) 
and hydroxymethylcarboxamide type derivatives such as peptide 
derivatives comprising a norstatine skeleton phenylalanine 
WCH(0H)C(0)N] proline were reported to be useful as a HIV protease 
inhibitor (T. F. Tarn et al., J. Med. Chem. 35, 1318-1320 (1992)). 

The present inventors also found that a group of synthetic 
peptides which were transition-state mimetic comprising 3-amino-2- 



hydroxy-4-phenylbutanoyl residue as the skeletal structure thereof 
strongly inhibited HIV protease activity to be useful as an anti- 
AIDS agent and proposed them as HIV protease inhibitors (Japanese 
laid-open patent No. 170722/1993). 

These transition-state mimetics are considered as the most 
promising anti-AlDS agent of next generation following reverse 
transcriptase inhibitors of nucleic acid derivatives, such as AZT 
(azide thymidine). DDC ( dideoxycytidine ) , DDI (dideoxyinosine) , 
which are already used clinically as anti-AIDS agents end clinical 
use, clinical tests and researches thereof are in progress. That 
is, clinical application of HIV protease inhibitors has been tried 
to suppress the formation of virus particles in host cell and 
prevent the proliferation and infection of HIV, resulting in the 
prevention of onset of AIDS (Nakajima et al., Gekkan-Yaku j i , vol. 
35, 2983-2989 (1993)). 

However, among these peptide-like compounds, conventional -type 
of compounds belonging to hydroxymethylcarboxamide derivatives 
exhibiting excellent HIV protease inhibitory activity have 
hydrophobic acyl group at N-terminal amino group of tripeptide 
chain. Therefore, in many cases, problems, such as. (1) their 
insolubility in water, (2) unstability in vivo, (3) low oral 



absorptivity have been reported (Hiroaki Mitsuya, Kagaku, vol. 64, 
No. 7, p462-470 (1994)). since anti . AIDS agents ^ 

consecutively administered for long duration, development of 
compound with higher bioavailability, that is, easily absorbed and 
stable in vivo, especially in the case of oral administration has 
been desired. Development of a peptide compound with excellent Hiv 
protease inhibitory activity which has a low molecular weight and 
is resistant against degradation by various kinds of digestive 
enzymes or proteolytic enzymes, is desired. More specifically 
development of a novel peptide compound with a small size G f acyl 
group linked to N-terminal amino group which comprises only low 
molecular weight dipeptide-structure as transition-stats mimetic is 
desired. 

An object of the present invention is to provide a novel 
dipeptide compound which has nearly the same anti-HIV protease 
inhibitory activity as that of a transition-state mimetic peptide 
compound having a tripeptide chain and has a lower molecular weight 
than that. The object of the present invention is to provide a 
novel dipeptide conpound which is different from various types of 
hydroxymethylcarboxamide tripeptide compound designed as a 
conventional Hiv protease inhibitor with respect to peptide chain 

4 



length and exhibit an excellent HIV protease inhibitory activity or 
suppressive action on the proliferation of HIV virus. Another 
object of the present invention is to provide a suppressive agent 
against HIV virus proliferation comprising a novel dipeptide 
compound as an effective ingredient. 

The present inventors studied eagerly to design and prepare a 
novel dipeptide compound which has a clearly different structure 
from that of a conventional hydroxymethylcarboxamide-type peptide 
compound. The present inventors investigated whether or not these 
dipeptide compounds have a HIV protease inhibitory activity as 
designed and found that they exhibited excellent activities and 
accomplished the present invention. 

Summary of the Invention 

Accordingly, the present invention is to provide a novel 
dipeptide compound having a chemical structure described as the 
following items (1) - (6) and a suppressive action on HIV virus 
proliferation in vivo. 

(1) A novel dipeptide compound represented in General formula 
(I) or a pharmaceutical^ acceptable salt thereof. 
[Genaral formula (I)] 
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(I) 



(wherein R t represents 5-membered or 6-raerabered monocyclic 

hydrocarbon group, or heterocyclic group wherein more than one of 

carbon atom in said monocyclic hydrocarbon can be substituted by 

hetero atoms comprising 3 or less substituted group in said cyclic 

group, X represents a methylene group (-CH 2 -), a chloromethylene 

group (-CH(Cl)-), an oxygen atom, a sulfur atom or sulfonyl group 

(-S0 2 -)„ R 21 and R 22 each represent a hydrogen atom or an aliphatic 

hydrocarbon having 1-6 carbons which can be linear or branched. 

represents an aliphatic hydrocarbon group having 1-6 carbons 

which can be linear or branched or a monovalent group derived from 

an aromatic monocyclic hydrocarbon wherein the sum of carbon number 

thereof is 12 or less, and halogen atoms can be substituted in 

aromatic ring of said aromatic monocyclic hydrocarbon group. ) 

(2) A novel dipeptide compound represented in General Formula 

II or a pharmaceutical ly acceptable salt thereof. 
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[General formula II] 




(wherein X, R 21 , R 22 and R 3 represents the same group as that in 
the above general formula (I), respectively. 

R u represents a hydrogen atom, an amino group or a hydroxy group, 
R 12 represents a hydrogen atom or aliphatic hydrocarbon group having 
1-4 carbons which can be linear or branched . ) 

(3) A novel dipeptide compound represented in General formula 
(III) or a pharraaceutically acceptable salt. 
[General formula III] 




(III) 



(wherein X, R 21 and represents the same group as that in the 
above general formula (I), and R u and R l2 represents the same group 
as that in the above general formula (II). 

(4) A novel dipeptide compound represented in General formula 
(IV) or a pharmaceutical^ acceptable salt thereof. 
[General formula IV] 




(IV) 



(wherein X, R 21 and R 22 represents the same group as that in the 
above general formula (I), and R u and R 12 represents the same group 
as those in the above general formula (II). 

^1' R 32 and R 33 each represents a hydrogen atom, a halogen atom or 
an aliphatic hydrocarbon having 1-4 carbons which can be linear or 
branched. ) 

( 5 ) A novel dipeptide compound represented in General Formula 
V or a pharmaceutical ly acceptable salt thereof. 
[General formula V] 
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(wherein R u represents an amino group or a hydroxy group;' 
R 12 represents a methyl group or an ethyl group. 
R^ and R 22 each represents a hydrogen atom or a methyl group.) 

(6) A novel dipeptide compound represented in General Formula 
VI or a pharmaceutical ly acceptable salt thereof. 
[General formula VI] 




(wherein R u represents an amino group or a hydroxy group. 
R l2 represents a hydrogen atom, a methyl group or an ethyl group. 
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R 21 and R 22 each represents a hydrogen atom or a methyl group. 
R 3i' R 32 anc * R 33 eacft represents a halogen atom or a methyl group. ) 

Further, the present invention is to provide an ant i -AIDS 
agent comprising a novel dipeptide compound described in the above 
items (l)-(6) or a pharmaceutical ly acceptable salt thereof as an 
effective ingredient. 

Detailed Description of the Invention and Preferred Embodiments 

The dipeptide compound of the present invention comprises a- 
aminocarboxamide including cyclic group linked to 3-amino-2 
hydroxy- 4-phenylbutanoyl residue as trans it ion- state mimetic 
essential for HIV protease inhibitory activity through an amide 
bond and can be clarified as a hydroxymethylcarboxamide 
derivative. 

In the dipeptide compound of the present invention, the steric 
configuration of 3-amino-2-hydroxy-4-phenylbutanoyl residue 
skeleton is preferably (2S,3S) epimer and, in a-aminocarboxamide 
comprising 5-membered cyclic group including X, (L) epimer of 
corresponding cyclic a-amino acid can be preferably used. 

R 3 which substitutes N atom carbamoyl group of said a- 
aminocarboxamide can be an aliphatic hydrocarbon group having 1-6 
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carbons or a monovalent group derived from an aromatic monocyclic 
hydrocarbon comprising 12 or less carbon atoms, wherein a 
hydrocarbon chain in an aliphatic hydrocarbon group or that in an 
aromatic hydrocarbon group can be linear or branched. Said 
monovalent group derived from an aromatic monocyclic hydrocarbon 
comprises both of a group having a binding site in an aromatic 
monocyclic ring and a group having a binding site in an aromatic 
side chain, in addition, a halogen atom can substitute a hydrogen 
on an aromatic cyclic hydrocarbon. That is, said substituted 
carbamoyl group can be used as far as it can be formed by the 
reaction of the corresponding carboxy group with the primary amine 
comprising said R 3 group. 

An aliphatic hydrocarbon group having 1-6 carbons used in this 
R 3 group can be preferably a methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl group etc., 
more preferably a branched alkyl group having 3-5 carbons and, most 
preferably, a tert-butyl group. On the other hand, as an aromatic 
monocyclic hydrocarbon group having 12 or less carbons, a phenyl 
group having a free valence on the ring, hydrocarbon substituted 
phenyl group having a side chain of chain hydrocarbon group, a 
benzyl group having a free valence in the side chain and 
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hydrocarbon substituted benzyl group having a side chain in the 
ring, such as, 2-methylbenzyl group, 2, 6-dimethylbenzyl group and 
2,4 6-trimethylbenzyl group can be exemplified. Further, as a 
halogen atom, chlorine atom, bromine atom or fluorine atom can be 
exemplified and a chlorine atom is preferable. Among these 
aromatic monocyclic hydrocarbon groups, a benzyl or phenethyl group 
having a free valence in the side chain or a hydrocarbon 
substituted benzyl group having a side chain in the ring is 
preferable, and a hydrocarbon substituted benzyl group having a 
side chain in the ring is more preferable. Further, a benzyl group 
or a hydrocarbon substituted benzyl group having a side chain at 
any of ortho-position such as position 2 or 6 or para-position, 
that is, position 4, more specifically, 2-methylbenzyl group, 2,6- 
dimethylbenzyl group or 2, 4, 6-trimethylbenzyl group is more 
preferable. 

In a hydrocarbon substituted benzyl group having a side chain 
at any one of position 2,4 or 6 as well as the above benzyl groups, 
a side chain is preferably a alkyl group having 1-4 carbons. 2- 
Methylbenzyl group, 2, 6-methylbenzyl group or 2, 4, 6-trimethylbenzyl 
group is more preferable. Among them, mono or disubstituted 
benzyl group having one or two alkyl groups with 1-4 
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carbons especially methyl group, at ortho-position, that is, 
position 2 or 6 at side chain are preferable. More specifically, 
2-methylbenzyl group or 2 , 6 -dimethyl benzyl group is more 
preferable. In addition, a halogen substituted benzyl group at 
ortho-position, that is, position 2 or 6, or at para-position, that 
is, position 4 is preferable and chlorine substituted 2- 
chlorobenzyl group is more preferable among halogen substituted 
benzyl groups. Specifically monohalogen or dihalogen substituted 
benzyl group at one or the both of ortho positions, that is 
position 2 and 6, especially 2-chlorobenzyl group substituted with 
a chlorine atom as a halogen atom, is more preferable. 

X containing in a 5-membered ring forming said a- 
aminocarboxamide can be methylene group (-CH 2 -), chloromethylene 
group (-CH(Cl)-), oxygen atom or sulfur atom including sulfinyl 
group or sulfonyl group other than thio group. That is, when both 
of R 21 and R 22 are hydrogen atoms, a corresponding a-amino acid in 
a 5-membered ring is proline in the case of methylene group (-CH 2 ), 
4-chloropyrrolidine-2-carboxylic acid in the case of 
chloromethylene group, 1, 3-oxazolidine-4-carboxylic acid in the 
case of oxygen atom, 1,3 thiazolidine-4-carboxylic acid in the case 
of sulfur atom, 1, 3-thiazolidine-l , l-dioxide-4-carboxylic acid in 
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the case of sulfonyl group etc. R 21 and R 22 in said 5-membered ring 
can be selected from the group consisting of hydrogen atom and 
aliphatic hydrocarbon groups having 1-6 carbons, wherein the 
aliphatic hydrocarbon group can be linear or branched. The R and 
R 22 each group is preferably a hydrogen atom or an alkyl group 
having 1-4 carbons, more preferably, a hydrogen atom or methyl 
group . 

l,3-Thiazolidine-4-carboxylic acid with sulfur atom as X, 
l,3-thiazolidine-l,l-dioxide-4-carboxylic acid with sulfonyl 
group, 4-chloropyrrolidine-2-carboxylic acid with chloromethyl 
group or 5, 5-dimethyl-l, 3-thiazolidine-4-carboxylic acid with 
hydrogen atom or methyl group as R 2J and R 22 is more preferable. 
Said mono-ring R x group in a acyl group R^CO- which substitutes 
N- terminal amino group in 3-amino-2-hydroxy-4-phenylbutanoyl 
skeleton and characterizes dipeptide compound of the present 
invention can be 5-membered ring, 6-membered ring, cyclic hydro- 
carbon group or heterocyclic group wherein more than one carbon 
atoms in said cyclic hydrocarbon group can be substituted with 
heteroatoms. Said heteroatom means nitrogen atom, sulfur atom 
or oxygen atom and sulfur atom can be sulfinyl group or sulfonyl 
group other than thio group. Further, carbonyl group wherein one 
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of carbon atoms is substituted with oxo-oxygen can be included . 

In addition, said cyclic group R x can have 3 or less another 
substituted groups, said cyclic group R x can be exemplified as 
follows : 

As 6-membered ring of said cyclic group R [f phenyl group as a 
cyclic aromatic group, 4-pyridyl group, 2-pyridyl group, 3-pyridyl 
group, 2-pyrimidinyl group, 4-pyrimidinyl group, 5-pyrimidinyl 
group as a corresponding nitrogen substituted hetero aromatic 
group, cyclohexyl group as a cycloaliphatic group, 4-piperidinyl 
group or 2-morpholinyl group as a corresponding heterocyclic and 
cyclic group of the above 6-membered ring substituted with 3 or 
less substituted group such as an alkyl group having 1-6 carbons, 
carboxyl group, carbamoyl group, hydroxyl group, amino group, nitro 
group, alkylamino group or alkoxy carbonyl group etc. can be 
exemplified.' As specific examples, tolyl group, xylyl group, 
cumenyl group or mesityl group as a phenyl group substituted with 

1- 3 alkyl groups having 1-6 carbons, 4-carboxyphenyl group, 

2- carboxyphenyl group or 3-carboxyphenyl group as a phenyl group 
substituted with carboxyl group, 4-carbamoyl phenyl group, 
2-carbamoyl phenyl group or 3-carbaraoyl phenyl group as a phenyl 
group substituted with carbamoyl group, 4-hydroxyphenyl group, 
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2-hydroxyphenyl group, 3-hydroxyphenyl group, 3-hydroxy-2- 
methylphenyl group or 2-ethyl-3-hy<Jroxy P henyl group as a phenyl 
group substituted with hydroxy group, 4-aminophenyl group, 
2-aminophenyl group or 3-aminophenyl group as a phenyl group 
substituted with amino group, 3, 5-dinitro-phenyl group as a phenyl 
group substituted with nitro-group, 3-methylaminophenyl group as a 
phenyl group substituted with alkylamino group, 
4-methoxycarbonylphenyl group, 2-methoxycarbonylphenyl group or 
3-methoxycarbonylphenyl group as a phenyl group substituted with 
alkoxycarbonyl group etc. can be exemplified. 

As 5-membered ring of said cyclic group R t , heterocyclic 
aromatic group such as 2-furyl group, 3-furyl group, 2-thienyl 
group, 2-pyrrolyl, 3-pyrrolyl etc. or cyclic aliphatic group such 
as cyclopentyl group, 2-cyclopentene-l-yl group etc., the 
corresponding heterocyclic group such as pyrrolidine-2-yl group, 
pyrroline-2-yl group, 2-tetrahydrofuryl group, 2-tetrahydrothienyl 
group etc., or cyclic group of the above 5-membered ring 
substituted with 3 or less substituted groups such as alkyl group 
having 1-6 carbons, carboxy group, carbamoyl group, hydroxy group, 
amino group, nitro group, alkyl amino group, alkoxycarbonyl group 
etc. can be exemplified. 
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Said cyclic group R t in the peptide compounds of the present 
invention is preferably cyclic aromatic group or heterocyclic 
aromatic group having 3 or less substituted groups. 6-Membered ring 
cyclic aromatic group or heterocyclic aromatic group is more 
preferable. Among them, phenyl group substituted with 1 or 2 
substituted groups at position 2 and position 3 in the phenyl group 

is more preferable, specifically, disubstituted phenyl group 

represented in the following general formula (VII) is more 

preferable: 

[General formula VII] 




(VII) 



(wherein R u represents amino group or hydroxy group, 
represents aliphatic hydrocarbon group having 1-4 carbons which can 
be linear or branched). Further, R u in disubstituted phenyl group 
and R 12 are more preferably hydroxy group and methyl group or ethyl 
group. 

When at least two of Rj , Rj and X of the dipepetide compound 
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of the present invention are selected from preferable groups, it 
can be more preferable dipeptide compound. For example, dipeptide 
substituted with disubstituted phenyl group represented in the 
above general formula (VII) to R 1 and with tert-butyl group to R 3 , 
that is, dipeptide represented in the following general formula 
(III) can be more preferable: 
[General formula III] 




/ 

Ri* o 1 o (in) 




OH 




0 .V— tBu 
H 

(wherein X represents the same as X in the general formula 
(I). R u represents amino group or hydroxy group and R 12 represents 
aliphatic hydrocarbon group having 1-4 carbons which can be linear 
or branched. R 21 and R 22 each represents hydrogen atom or aliphatic 
hydrocarbon group having 1-6 carbons which can be linear or 
branched. 

Or dipeptide wherein R 1 is disubstituted phenyl group 
represented in the above general formula (VII) and R 3 hydrocarbon 
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substituted benzyl group with a side chain at any one of 
ortho-position, that is, position 2 or 6 or at para-position, that 
is, position 4 , or benzyl group or hydrocarbon substituted benzyl 
group substituted further with halogen atom at orthoposition, that 
is, position 2 or 6, or at para-position 4, represented in the 
following general formula (VIII) with hydrocarbon substituted 
benzyl group having at most 12 carbons can be preferable: 
[General formula VIII] 




(VIII) 



(wherein R 31 , R 32 , and R 33 each represents hydrogen atom, 
halogen atom or aliphatic hydrocarbon group having 1-4 carbons 
which can be linear or branched) 

That is, dipeptide compound represented in the following 
general formula (IV) can be more preferable. Chlorine atom as 
halogen atom is more preferable, 
[General formula IV] 
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(IV) 



(wherein X represents the same as X represented in the above 
general formula (I). R 1X represents amino group or hydroxyl group 
and R 12 represents aliphatic hydrocarbon group having 1-4 carbons 
which can be linear or branched. 

R 21 and R 22 each represents hydrogen atom or aliphatic 
hydrocarbon group having 1-6 carbons which can be linear or 
branched. R 31 ,R 32 and R 33 each represents hydrogen atom, halogen atom 
or aliphatic hydrocarbon group having 1-4 carbons which can be 
linear or branched*) 

A chlorine atom can be selected more preferably as a halogen atom. 
In the aforementioned general formula (IV), monosubstituted or 
disubstituted benzyl group at one or the both of ortho positions, 
that is, position 2 and 6 as a substituted group at C- terminus can 
be selected more preferablly. 
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The dipeptide represented in the aforementioned general 
formula (V) or (VI) which is selected from those with preferable X 
represented in the above general formula (in) or (IV) is more 
preferable. As an example of these compounds in the general formula 
(V) or (VI), 

( R) -N-tert-butyl-3- [ ( 2S , 3S ) -2-hydroxy-3- [3 -hydroxy- 2-methylbenzoyl] 
amino-4-phenylbutanoyl ] -1, 3-thiazolindine-4-carboxamide, 
( R) -N-tert-butyl-3- [ ( 2S , 3S ) -2-hydroxy-3- [3-amino-2- 

methylbenzoyl]amino-4-phenylbutanoyl]-l,3-thiazolidine-4- 
car box amide, 

(R) -N-tert-butyl-3- [ ( 2S,3S)-2-hydroxy-3- [2-ethyl-3-hydroxybenzoyl] 
amino-4-phenylbutanoyl]-l,3-thiazolidine-4-carboxamide, 
( R ) -N-tert-butyl-3- [{ 2S , 3S ) -2-hydroxy-3- [3-amino-2-ethylbenzoyl] 
amino-4-phenylbutanoyl]-l,3-thiazolidine-4-carboxamide, 
( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- [3 -hydroxy- 2-methylbenzoyl] 
amino-4-phenylbutanoyl]-5, 5-dimethyl-l, 3-thiazolidlne-4-carboxamide 
(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[3-amino-2-methylbenzoyl] 
amino-4-phenylbutanoyl] -5, 5-dimethyl-l, 3-thiazolidine-4- 
carboxamide, 

(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[2-ethyl-3-hydroxybenzoyl] 
amino-4-phenylbutanoyl] -5, 5-dimethyl-l, 3-thiazoHdlne-4-carboxamide 
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( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2 -hydroxy- 3- [3-amino-2-ethylbenzoyl] 
amino-4-phenylbutanoyl] -5, 5-dimethyl-l , 3-thiazolidine-4- 
carboxamide, 

< R ) -N-< 2-methylbenzyl ) -3- [ ( 2S , 3S ) -2-hydroxy-3- [ 3-hydroxy-2- 
methylbenzoyl]amino-4-phenylbutanoyl] -l, 3-thiazolidine-4- 
carboxamide, 

( R ) -N- ( 2-methylbenzyl ) -3- [ ( 2S , 3S ) -2-hydroxy-3- [ 3 -amino- 2- 
methylbenzoyl] amino- 4-phenylbutanoyl] -l , 3-thiazolidine-4- 
carboxamide, 

(R)-N-(2-methylbenzyl)-3-[(2S,3S)-2-hydroxy-3-[2-ethyl-3- 
hydroxybenzoyl] amino-4-phenylbutanoyl] -1 , 3-thiazolidine-4- 
carboxamide , 

( R) -N- ( 2-methylbenzyl ) -3- [ ( 2S , 3S ) -2-hydroxy-3- [3-amino- 

2-ethylbenzoyl]amino-4-phenylbutanoyl]-l,3-thiazolldine-4- 
carboxamide, 

( R ) -N- ( 2-methylbenzyl ) -3 - [ ( 2S , 3S ) -2-hydroxy-3 - [ 3 -hydroxy-2- 
methylbenzoyl] amino-4-phenylbutanoyl] -5, 5-dimethyl- 
-l,3-thiazolidine-4-carboxamide, 

(R)-N-(2-methylbenzyl)-3-((2S / 3S)-2-hydroxy-3-[3-amino-2- 
methy Ibenzoyl ] amino- 4 -pheny lbu t anoy 1 ] - 5 , 5 -dimethyl -1,3- 
thiazolidine-4-carboxamide , 
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(R)-N-( 2-methylbenzyl )-3- [ ( 2S, 3S)-2-hydroxy-3- [2-ethyl-3- 
hydroxybenzoyl ] amino-4-phenylbutanoyl ] -5 , 5-dimethyl -1,3- 
thiazolidine-4-carboxamide, 

(R)-N-( 2-methylbenzyl )-3- [2S, 3S)-2-hydroxy-3-[3-amino-2- 
ethylbenzoyl]amino-4-phenylbutanoyl]-5, 5-dimethyl-l, 3- 
thiazolldine-4-carboxamide, 

( 2S, 4S )-N-tert-butyl-3-[( 28. 3S )-3-( 2-ethyl-3-hydroxybenzoyl )amlno- 

2-hydroxy-4-phenylbutanoyl]-4-chloropyrrolitiine-2-oarboxamide, 
( R ) -N- ( 2 , 6-dimethylbenzyl ) -3- [ ( 2S , 3S ) -3- ( 3-hydroxy-2-methylbenzoyl ) 
ami no -2-hydroxy-4-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide, 
(R)-N- ( 2-chlorobenzyl ) -3- [ ( 2S , 3S ) -3-( 3-hydroxy-2-methylbenz 0 yl ) - 
amino-2-hydroxy-4-phenylbutanoyl] -5 , 5-dimethyl-l , 3-thiazolidlne-4- 
carboxamide, 

( R ) -N- ( 2-ohlorobenzyl ) -3- [ ( 2S , 3S ) -3- ( 3-hydroxy-2-methylbenzoyl ) - 
amino-2-hydroxy-4-phenylbutanoyl] -1 . 3-thiazolidine-4-carboxainlde, 
etc. can be exemplified. 

For example, pharmaceutical acceptable salts of the dipeptide 
compound of the present invention comprise 5-7 membered ring of R, 
group in said compound, substituted group therein, or in the case 
of another 5-7 membered ring having basic nitrogen, salts 
of said nitrogen with various pharmaceutical acceptable acids. 
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more specifically, pharmaceutical!* acceptable salts such as 
hydrochloride salt, acetic acid salt, methanesulfonic acid salt, 
etc.. Pharmaceutical^ acceptable salts also comprise salts 
monovalent cation with carboxyl group or phenolic hydroxyl group 
substituted in «, group , more specifically, sodlum salt Qr 
salt, etc.. 

A group of dipeptide compounds represented in the above 
general formula can be prepared by a preparative method 

described as below. A process of N-acylation will be summarized. 
A compound represented in the general formula (a,. that ls , 
hydroxymethylcarboxamlde type of dipeptide without substitution at 
N-terminal can be used as an intermediate to yield N -acyl product 
eventually: 

[General formula IX] 




(IX) 
0' N — J? 3 
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(wherein X, R 3 , R 21 and R 22 represents the same as X, R 3 , R n and 
R 22 in the above formula ( I ) respectively ) 

A method for preparing N-acyl dipeptide compound represented 
in the general formula (I). 

Process [1] Preparation of intermediate compound represented 
in the general formula (IX). 

It corresponds to the intermediate in the preparation of 
hydroxymethylcarboxamide type of HIV protease inhibitor which was 
already reported in various publications. (Yoshiaki Kiso, Yuuki- 
gosei-kyoukaishi, vol.52, 403-412 (1994) etc.,) For example, 
condensation of a-amino-carboxamide derivative represented in the 
following general formula (X): 
[General formula X] 




(X) 



(wherein x, R^ R 2i and R„ represents the same as X, R 3 , R 21 and 
represented in the aforementioned general formula ( I ) ) 
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with N-protected derivative <2S,3S)-3-amino-2-hydroxy-4- 
phenylbutanoic acid represented in the following general formula 
(XI): 

[General formula XI] 




(XI) 



(wherein B represents a protective group of amino group which 
can be deprotected with acid) 

Using carbodiimide reagents such as DCC(N,N -dicyclohexyl- 
carbodiimide ) . EDC( l-ethyl-3-( 3-N, N- dimethylaminopropyl ) 
carbodiimide, etc., and additive compound such as HONB ( N- hydroxy - 
norbornene-2, 3-dicarboxyimide ) , HOBt( N-hydroxybenztriazole ) , to 
form peptide bond yields the N-protected derivatives of dipeptide 
represented in the general formula (XII): 
[General formula XII] 
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(XII) 



(wherein B represents the same as B in the general formula 
(XI) and X, R 3 , r 2i and R 22 represents the same as X, R 3 , r 2i and R, 2 
in the general formula (I)) respectively.) 

In the next step, said N-protected dipeptide can be 
deprotected with acid, for example, hydrochloric acid in dioxane to 
give an intermediate of hydroxymethylcarboxamide type of dipeptide 
represented in the general formula (IX). B as a protective group of 
amino group is preferably a protective group used widely in 
protection of a-amino group in peptide synthesis such as 
tert-butyloxycarbonyl group. 

Process [2] N-acylation 

Reaction of carboxylic acid represented in the general 
formula (XIII): 

[General formula XII I] 
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0 

1 (XI ID 



(wherein represents the same as R x in the afore-mentioned 
general formula ( I ) . ) 

With a carbodiimide reagent such as EDC and additive compound 
such as HOBt to give an active ester of said carboxylic acid, or 
with acid chloride of chloro- formate such as isobutyl chloro formate 
etc., to give mixed acid anhydride. That is, Said carboxylic acid 
is converted first to preactivated derivatives represented in the 
following general formula (XIV) wherein Y comes from said additive 
compound or acid chloride: 
[General formula XIV] 
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(wherein represents the same as R x in the aforementioned 
general formulae I ) . ) 

Reaction of said carboxylic acid derivative represented in the 
general formula (IX) with an intermediate represented in the 
aforementioned general formula (XIV) in a solvent such as 
N,N-dimethylformamide etc. gives desired acylated 
hydroxyraethylcarboxamide type derivative represented in the general 
formula (I). 

When carbodiimide reagent is used, activation of said 
carboxylic acid and N-acylation thereof can be naturally carried 
out in the same reaction mixture and at the same time, in a 
N-acylation using these acid anhydride, if unnecessary side 
reaction occurs on substituted group present in R, group such as 
amino group, hydroxyl group, carboxyl group, etc., it is quite 
natural that the reaction can be carried out after protection with 
widely used protective group followed by deprotection . 

Hydroxymethylcarboxamlde type derivative prepared according to 
the above process represented in the general formula (I) can be 
purified by recrystallization and/or column chromatography etc.. if 
necessary, and be used as a HIV protease inhibitor. 

Since the dipeptide compound of the present invention is 
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prepared from an intermediate represented in the general formula 
(IX) and an activated derivative of carboxylic acid represented 
in the general formula (XIV), identification of the molecular 
structure thereof can be easily performed by any one of 
conventional spectrophotometry such as nuclear magnetic resonance 
and/or infrared absorption spectrometry and/or by conventional 
fragment analysis of mass spectroscopy referring to the molecular 
structure of the original raw material. 

The dipeptide compound of the present invention comprises 
a-arainocarboxamide including cyclic group linked through an amide 
bond to 3~amino-2-hydroxy-4-phenylbutanoyl residue as a 
transition-state mimetic which is essential for hiv protease 
inhibitory activity and can be clarified as 
hydroxymethylcarboxaraide type derivative which is already reported 
and can be HIV protease inhibitor as tripeptide compound. That is, 
as described later in the example, the compound exhibit an 
anti-viral activity by blocking formation and maturation of 
infectious HIV virus particles in T lymphocyte using HIV protease 
inhibitory activity thereof. Accordingly, it has a medicinal use as 
an anti-AlDS agent through its suppressive effect on formation and 
maturation of infections virus particles. 
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On the clinical application of the dipeptide compound of the 
present invention, it can be administered according to conventional 
method as a pharmaceutical using conventional carriers and fillers. 
Generally, dipeptide compound of the present invention can be 
administered intravenously or intramuscularly as injection 
preparations, parenterally as sprays or suppositories or orally as 
granules, capsules or tablets according to conventional methods. 
Bioavailability of the dipeptide compound of the present invention 
is excellent through digestive tracts, and therefore, oral 
administration as granules or capsules wherein said compound is 
kept solid is quite suitable. The administration dosage is 
determined by considering symptoms of patients, therapeutical 
object such as to prevent onset of AIDS or 

to suppress progress of AIDS, age, sex etc., and , usually, lOmg-lg 
for an adult with 1-4 times per day. As oral administration 
preparation, any pharmaceutical preparation applicable to oral 
administration of various synthetic peptide which was already 
proposed as HIV protease inhibitor can be applied (Japanese laid- 
open unexamined patent. No. 170722/1993, etc.). 



novel dipeptide compound and pharmaceutical ly acceptable 
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salt thereof of the present invention has an advantage such as good 
absorption through digestive tracts and decrease of biliary 
excretion due to its dipeptidyl structure of lower molecular 
weight, wherein acyl group bind directly with N-terminal amino 
group of dipeptide skeletal part essential for HIV protease 
inhibitory activity, in addition to its specific and high HIV 
protease inhibitory activity. Accordingly, it has an advantage to 
decrease oral dosage necessary for reaching expecting blood 
concentration level of said peptide-like compound as an effective 
ingredient to yield pharmaceutical effect on its clinical 
application as oral anti-AIDS agent. In addition, the peptide 
compound of the present invention is not only a low molecular 
weight compound but also peptide-mimic compound without peptide 
bond of natural amino acids which is excellent for the stability in 
vivo. The dipeptide of the present invention and the method thereof 
will be explained more specifically as described below- In 
addition, characteristics of the dipeptide compound of the present 
invention suitable for medicinal application such as high HIV 
protease inhibitory activity, that is, excellent anti-HIV activity, 
low cytotoxicity will be also exhibited. 
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In the examples described below, intermediates such as 
( 2S, 3S )-H-AHPBA-Pro-NH-tBu( 1- [ ( 2S, 3S )-3-amino-2-hydroxy-4- 
phenylbutanoyl ] -N » -tert-butyl-L-prolinamide ) , 
( 2S , 3S ) -H-AHPBA-Thz-NH-tBu( ( R ) -3- [ ( 2S , 3S ) -3-amino-2-hydroxy-4- 
phenylbutanoyl] -1, 3-thiazolidine-4-N ' -tert-butylcarboxamide ) , 
(25,3s) - H - AHPB A - Dm t - NH - 1 Bu ( (R)-3- [ (2S, 3S) - 3 -amino- 2 -hydroxy- 4- 
phenylbutanoyl]-5,5-dimethyl-l,3 thiazolidine-4-N ' 
-tert-butylcarboxaraide were prepared from ( 2S,3S)-H-AHPBA( ( 2S,3S) 
-3-amino-2-hydroxy-4-phenylbutanoic acid, Pro ( L-proline) , 
Thz ( ( r ) -l , 3- thiazolidine-4-carboxylic acid ), Dmt ( ( r ) - 5 , 5- 
dimethyl-1 , 3 - thiazolidine-4-carboxylic acid ) , NH 2 -tBu 
(tert-butylamine) etc., as N-protected derivatives of said 
dipeptide beforehand according to method which were already 
reported in publications, followed by deprotection of amino group. 

[Example 1] 

(R)-N-tert-butyl-3-C(2S,3S)-2-hydroxy.3-[benzoyl]amino-4-phenyl. 
butanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S , 3S ) -H-AHPBA-Thz-NH-tBu (365 mg) and 
benzoic acid (122 mg) in DMF (3 ml) # EDC-HCl (1 ethyl-3-(3-N, N 

-dimethylamino-propyl)carbodiimide hydrochloride salt (192 mg) and 
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HOBt.H,0 (N-hydroxybenzotriazole/153 mg) were added, which was 
stirred for 14 hours at room temperature. The reaction mixture was 
concentrated under reduced pressure to give residue containing 
product. The product was purified and recovered from the obtained 
residue by the operation described below. The obtained residue was 
dissolved in 25 ml of ethyl acetate, which was washed with 10% 
citric acid aqueous solution, 5% sodium bicarbonate aqueous 
solution and saturated brine solution consecutively and dried over 
magnesium sulphate anhydride. The residue obtained by concentration 
under reduced pressure was purified by silica gel chromatography 
(dichloromethane/methanol), followed by recrystallization from 
ethyl acetate/n-hexane to yield purified the above-mentioned 
compound (296 mg). The HPLC retention time of said compound under 
the conditions described below was 19.55 min. and the molecular 
weight was found to be 469 by time of flight mass spectrometry, so 
that it was identified as the desired compound. 
HPLC retention time: 19.55 min. 
HPLC conditions 

Column: YMC AM302 column, 4> 4.6 x 150 mm 

Elution vehicle: 0.1% TFA ( trif luoroacetic acid ) /H 2 0-CH 3 CN 

Elution conditions: 0%-100% , gradient; 30 min. 
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Flow rate: 1ml /mln. 

TOF-MASS (time of flight mass spectrometry): [M + h]+ 470 
[Example 2] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S J -2-hydroxy-3- [2-methylbenzoyl ] amino-4- 
phenylbutanoyl J -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S,3S)-H-AHPBA-Thz-NH-tBu (365mg) and 
o-toluic acid (136 mg) in DMF (3 ml), EDC-HCl (192 mg ) and HOBt • H 2 0 
(153 mg) were added, which was stirred for 14 hours at room 
temperature. The reaction mixture was concentrated under reduced 
pressure to give residue containing product. The above-mentioned 
product (295 mg) was obtained by the same purification as described 
in example 1. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 19.95 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 484 



[Example 3] 

(R)-N-tert-butyl-3- [ ( 2S, 3S)-2-hydroxy-3- [3-methylbenzoyl] amino-4- 
phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 
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To a suspension of <2S,3S)-H-AHPBA-Thz-NH-tBu (365 rag , and 
m-toluic acid (136 mg) in DMF (3 ml), EDC . H C1 (192 mg) and HOBt^O 
(153 mg) were added, which was stirred for 14 hours at room 
temperature. The reaction mixture was concentrated under reduced 
pressure to give residue containing product. The above-mentioned 
product (406 mg, was obtained by the same purification as described 
in example 1. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 20.36 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 484 



[Example 4] 

(R)-N-tert-but y i-3.[(2S,3S)-2-hydroxy-3-[4-methylbenzoyl]amino-4- 
phenylbutanoyl ] -1 , 3-thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
P-toluic acid(136 mg, in DMF( 3 ml). EDOHC1 (192 mg) and HOBt-H^O 
(153mg) were added, which was stirred for 14 hours at room 
temperature. The reaction mixture was concentrated under reduced 
pressure to give residue containing product. The above-mentioned 
Product (406 mg) was obtained by the same purification as the 
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described in example 1. Said compound was identified as desired 
compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 20.27 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 484 

[Example 5] 

(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[2-hydroxybenzoyl]amino-4 
-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
salicylic acid (138 mg) in DMF (3 ml), EDOHC1 (192 mg) and 
HOBt.H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature. The reaction mixture was concentrated under 
reduced pressure to give residue containing product. The 
above-mentioned product (202 mg) was obtained by the same 
purification as described in example 1. said compound was 
identified as the desired compound by HPLC analysis and time of 
flight mass spectrometry. 

HPLC retention time: 23.89 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 486 
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[Example 6] 

(R)-N-t e rt-butyl-3- [ (2S,3S)- 2 -hydrox y -3- [ 3-hydrcH y benzoyl ]am ino- 
4-phenylbutanoyl]-l / 3-thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) an<J 
m-hydroxybenzoic acid (138 mg) in DMF (3 ml), EDCHC1 (192 mg) and 
HOBf H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature. The reaction mixture was concentrated under 
reduced pressure to give residue containing product. The above- 
mentioned product (418 mg) was obtained by the same purification as 
described in example 1. Said compound was identified as the 
desired compound by HPLC analysis and flight time type mass 
spectrometry. 

HPLC retention time: 20.69 min. (The conditions were the 
same as those in example 1.) 

TOF-MASS: [M + H]+ 486 



[Example 7] 

(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[4-hydroxybenzoyl]amino-4 
-phenylbutanoyl]-l, 3 -thiazolldine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
p-hydroxybenzoic acid (138 mg) i„ DMF( 3ml ) , EDCHC1 (192 mg) and 
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HOBt.H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature. The reaction mixture was concentrated under 
reduced pressure to give residue containing product. The 
above-mentioned product (392 mg) was obtained by the same 
purification as described in example 1. Said compound was 
identified as the desired compound by HPLC analysis and time of 
flight mass spectrometry. 

HPLC retention time: 20.35 min.(The conditions were the 
same as those in example 1.) 

TOF-MASS: [M + H]+ 486 



[Example 8] 

(R)-N-tert-butyl-3- [( 2S,3S)-2-hydroxy-3- [2 -aminoben Z oyl]amino-4-p 
henylbutanoyl ] -i , 3 -thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg), 
2-(t-butyloxycarbonylamino) benzoic acid (237 mg) and HOBt (135 mg) 
in DMF (3 ml), EDCHC1 (210 mg) was added, which was stirred for 14 
hours at room temperature. To the reaction mixture, dichloromethane 
and 3% sodium carbonate aqueous solution were admixed and the 
organic layer was collected. Then, t-butyloxycarbonyl group was 
deprotected and the product was recovered as described below. The 
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collected organic layer was washed 3% sodium carbonate aqueous 
solution, 1N-HC1 (twice) and 5* brine solution consecutively and 
dried over magnesium sulphate anhydride. Magnesium sulphate was 
removed by filtration, followed by evaporation of solvent. To the 
residue, dichloromethane (5 ml) and 4N HCl/dioxane solution ( 5 ml ) 
were added, which was stirred for another 1 hour at room 
temperature. 

The reaction mixture was washed with water, 3* sodium 
carbonate aqueous solution, 5% brine solution and dried over 
magnesium sulphate anhydride, and again, concentrated under reduced 
pressure. The obtained residue was further purified by silica gel 
chromatography ( dichloromethane/methanol ) . The above-mentioned 
product (184 mg) was obtained. Said compound was identified as the 
desired compound by time of flight mass spectrometry. 

TOF-MASS: [M + H]+ 485 

[Example 9] 

(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[3-aminobenzoyl]amino-4-p 
henylbutanoyl]-l,3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg), 
3-(t-butyloxycarbonylamino) benzoic acid (237 mg) and HOBt (135 mg) 
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in DMF (3 ml), EDC-HCl (210 mg ) was added, which was stirred for 14 
hours at room temperature. To the reaction mixture, dichloromethane 
and 3% sodium carbonate aqueous solution were admixed and the 
organic layer was collected. Then, deprotection of 
t-butyloxycarbonyl group, purification were carried out in the same 
manner as described in example 8. The above-mentioned product 
(74mg) was obtained. Said compound was identified as the desired 
compound by time of flight mass spectrometry. 
TOF-MASS: [M + H]+ 485 

[Example 10] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- [4-aminobenzoyl] araino-4-p 

heny lbu t anoy 1 ] - 1 , 3 - 1 hiazol idine - 4 - carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
4-(t-butyloxycarbonylamino) benzoic acid (237 mg) and HOBt (135 mg) 
in DMF (3 ml), EDC-HC1 (210 mg) was added, which was stirred for 14 
hours at room temperature. To the reaction mixture, dichloromethane 
and 3% sodium carbonate aqueous solution were admixed and the 
organic layer was collected. The collected organic layer was washed 
3% sodium carbonate aqueous solution, 1N-HC1 (twice) and 5% brine 
solution consecutively and dried over magnesium sulphate anhydride. 
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Magnesium sulphate was removed by filtration, followed by 
evaporation of solvent. To the residue, dichloromethane (5 ml) and 
4N HCl/dioxane solution (5 ml) were added, which was stirred for 1 
hour at room temperature. Then, to the reaction mixture, water was 
admixed and the water layer was collected for deprotected product 
to be recovered. The water layer was adjusted by adding sodium 
carbonate at pH 8-9 and extracted with dichloromethane. The organic 
layer obtained was washed with 5% brine solution and dried over 
magnesium sulphate anhydride and again, concentrated under reduced 
pressure. The obtained residue was further purified by silica gel 
chromatography ( dichloromethane/methanol ) , followed by 
recrystallization from ethyl acetate/n-hexane. The above-mentioned 
product (330 rag) was obtained. Said compound was identified as the 
desired compound by time of flight mass spectrometry. 
TOF-MASS: [M + H]+ 485 



[Example 11] 

( R ) -N-tert-butyl-3- [ ( 2S , 3S ) -2-hydroxy-3- [ 2-carboxybenzoyl] amino-4 
-phenylbutanoyl]-l,3-thiazolidine-4-carboxamide 

To a suspension of ( 2S , 3S ) -H-AHPBA-Thz-NH-tBu (365 mg) and 
phthalic anhydride (146 mg) in DMF (3 ml), pyridine (0.5 ml) was 
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added, which was stirred for 14 hours at room temperature, followed 
by concentration under reduced pressure. The obtained residue was 
dissolved in ethyl acetate (25 ml). This solution was washed with 
10% citric acid aqueous solution and saturated brine solution and 
dried over magnesium sulphate anhydride, followed by concentration 
under reduced pressure. The obtained residue was further purified 
by silica gel chromatography ( dichloromethane/methanol ) , followed 
by recrystallization from ethyl acetate/n-hexane . The 
above-mentioned product (498 mg) was recovered. Said compound was 
identified as the desired compound by HPLC analysis and time of 
flight mass spectrometry. 

HPLC retention time: 17.96 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 514 



[Example 12] 

( R ) -N-tert-butyl-3- [ < 2S, 3S ) -2-hydroxy-3- [3-carboxybenzoyl] amino- 
4-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 

To a suspension of (2S, 3S)-H-AHFBA-Thz-NH-tBu (365 mg) and 
isophtalic acid (166 mg) in DMF (3 ml), EDCHC1 (192 mg) and 
H0Bt-H 2 0 (153 mg) were added, which was stirred for 14 hours at 
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room temperature, followed by concentration under reduced pressure. 
The obtained residue was dissolved in ethyl acetate (25 ml). This 
solution was washed with 10% citric acid aqueous solution and 
saturated brine solution and dried over magnesium sulphate 
anhydride, followed by concentration under reduced pressure. The 
obtained residue was further purified by preparative HPLC. The 
above-mentioned product was obtained. Said compound was identified 
as the desired compound by HPLC analysis and time of flight mass 
spectrometry . 

Preparative HPLC conditions 

Column: YMC-Pack ODS, <[> 20 x 250 mm 

Elution vehicle: 0.1% TFA H 2 0-CH 3 CN 

Elution conditions: 0%-50% gradient; 60 rain., thereafter 
50% isocratic 

Flow rate: 5 ml/min. 
Elution time: 67-70 min. 

HPLC retention time: 17.96 min. (The conditions were the 
same as those in example 1 . ) 

T0F-MASS: [M + H] + 514 

[Example 13] 
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(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[4-carboxyben2oyl]ara±no-4 
-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg) and 
mono-methyl terephtalate (180 mg) in DMF (3 ml), EDC-HC1 (192 mg) 
and HCBt-H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure. 
The obtained residue was dissolved in ethyl acetate (25 ml). This 
solution was washed with 10% citric acid aqueous solution, 5% 
sodium carbonate aqueous solution and saturated brine solution 
consecutively and dried over magnesium sulphate anhydride, followed 
by concentration under reduced pressure. The obtained residue was 
further purified by silica gel chromatography (dichlorome thane/ 
methanol ) to give methyl ester of the above-mentioned compound ( 289 
mg ) , which was dissolved in methanol ( 5 ml ) and stirred for 1 hour 
at room temperature after the addition of lN-sodium hydroxide 
aqueous solution (5 ml). After ester hydrolysis, the reaction 
mixture was adjusted to pH about 3 by adding cone, hydrochloride 
and extracted with dichlororaethane. Organic layer was dried over 
sodium sulphate anhydride and concentrated under reduced pressure. 
The obtained residue was recryst alii zed from ethyl 
acetate/n-hexane. The above-mentioned product (220 mg) was 
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obtained. Said compound was identified as the desired compound by 
HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 20.35 rain. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 514 

[Example 14] 

(R)-N-tert-butyl-3- [ ( 2S, 3S )-2-hydroxy-3-[2-pyridylcarbonyl] amino- 
4-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 

To a suspension of < 2S # 3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
picolinic acid (123 mg) in DMF (3 ml), EDCNHCl (192 mg) and 
HOBt-H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The obtained residue was 
dissolved in ethyl acetate (25 ml). This solution was washed with 
5% sodium bicarbonate aqueous solution and saturated brine solution 
and dried over magnesium sulphate anhydride, followed by 
concentration under reduced pressure. The obtained residue was 
further purified by silica gel chromatography (dichlorome thane/ 
methanol), followed by recrystallization from ethyl acetate/n 
-hexane. The above-mentioned product (364 mg) was obtained. Said 
compound was identified as the desired compound by HPLC analysis 
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and time of flight mass spectrometry. 

HPLC retention time: 19.18 min. (The conditions were the 
same as those in example 1.) 

TOF-MASS: [M + H]+ 471 



[Example 15] 

(R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-[3-pyridylcarbonyl]amino- 
4-phenylbutanoyl] - l, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg) and 
nicotinic acid (123 mg) in DMF (3 ml), EDCHC1 (192 mg) and 
HOBt.H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 14 was carried out. The above-mentioned product (312 mg) 
was obtained. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 15.36 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 471 



[Example 16] 
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(R)-N-tert-butyl-3- [(25,3s )-2-hydroxy-3- [4-pyridylcarbonyl] amino- 
4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg) and 
isonicotinic acid (123 mg) in DMF (3 ml), EDC-HCl (192 mg) and 
HOBt-H 2 0 (153 rag) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 14 was carried out* 

The above-mentioned product (305 mg) was obtained. Said 
compound was identified as the desired compound by HPLC analysis 
and time of flight mass spectrometry. 

HPLC retention time: 16.70 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 471 

[Example 17] 

( R ) -N- tert-butyl-3 - [ ( 2S , 3S ) -2-hydroxy-3- [ 2- thienylcarbonyl ] 
amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
2-thiophene carboxylic acid (128 mg) in DMF (3 ml), EDC»HC1 (192 
mg) and H0Bt«H 2 0 (153 mg) were added, which was stirred for 14 
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hours at room temperature, followed by concentration under reduced 
pressure to give residue containing product. The same purification 
as those in example 1 was carried out. The above-mentioned product 
(361 mg) was obtained. Said compound was identified as the desired 
compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 19.14 min. (The conditions 
were the same as those in example 1. ) 
TOF-MASS: [M + H]+ 476 

[Example 18] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- [3- thienylcarbonyl ] 

araino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 

3-thiophene carboxylic acid (128 mg) in DMF (3 ml), EDC-HC1 (192 

mg) and HOBt«H 2 0 (153 mg) were added, which was stirred for 14 

hours at room temperature, followed by concentration under reduced 

pressure to give residue containing product. The same purification 

as those in example 1 was carried out. The above-mentioned product 

(390mg) was obtained. Said compound was identified as the desired 

compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 18.90 min. (The conditions were the 
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same as those in example 1 . ) 

TOF-MASS: [M + H]+ 476 

[Example 19] 

( R ) -N-tert-butyl-3- [(25,3s) -2-hydroxy-3- [ 2-f urylcarbonyl ] amino-4- 
phenylbutanoyl]-l,3-thiazolid±ne-4-carboxamlde 

To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg) and 
2-furan carboxylic acid (112 mg) in DMF (3 ml), EDCHC1 (192 mg) 
and HOBt.H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 1 was carried out. The above-mentioned product (372 mg) 
was obtained. Said compound was 

identified as the desired compound by HPLC analysis and time of 
flight mass spectrometry. 

HPLC retention time: 18.16 rain. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 460 



[Example 20] 

(R)-N-tert-butyl-3- [ ( 2S, 3S )-2-hydroxy-3-[3-f urylcarbonyl] amino-4- 
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phenylbut anoyl ] - 1 , 3 - thia zol idlne- 4 -carboxamide 

To a suspension of ( 2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
3-furan carboxylic acid (112 mg) in DMF (3 ml), EDC-HC1 (192 mg) 
and HOBt.H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 1 was carried out. The above-mentioned product (331mg) 
was obtained. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 18.36 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 460 

[Example 21] 

( R)-N-tert-butyl-3- [ ( 2S, 3S )-2-hydroxy-3-[3-hydroxy-2-methylbenzoy 
1] amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxaraide 

To a suspension of ( 2S, 3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 
3-hydroxy-2-methylbenzoic acid (152 mg) in DMF (3 ml), EDC-HC1 (192 
mg) and H0Bt-H 2 0 (153 mg) were added, which was stirred for 14 
hours at room temperature, followed by concentration under reduced 
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pressure to give residue containing product. The same purification 
as those in example 1 was carried out. The above-mentioned product 
(380 mg) was obtained. Said compound was identified as the desired 
compound by HPLC analysis, time of flight mass spectrometry and 
^-NMR. 

HPLC retention time: 17.67 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 500 
FAB-MASS: [M + H]+ 500 

l H-NMR(DMS0-d 6 )6 ppm: 1.26 (s;9H), 1.82 (s;3H), 2.74 (ra;2H), 
3.02 (m;lH), 3.32 (m;lH), 4.35 (bs; 1H), 4.58 (bs;lH), 4.78 
(m;2H), 5.09 (d;lH), 5.21 (d;lH), 6.56 (d;lH), 6.77 (d;lH), 6.94 
<t;lH), 7.15 (t;lH), 7.23 (t;2H), 7.38 (d;2H), 7.64 (s;lH), 8.22 
(d;lH), 9.38 (s;lH) 

[Example 22] 

( R ) -N- tert-butyl-3- [ ( 2S, 3S )-2-hydroxy-3- [ 3 -hydroxy-2 -methyl benzoy 
l]amino-4-phenylbutanoyl] -5 ; , 5 -dimethyl -1 , 3 -thiazol idine-4- 
carboxamide 

To a suspension of ( 2S , 3S ) -H-AHPBA-Dmt-NH-tBu (197 mg) and 
3-hydroxy-2-methylbenzoic acid (76.1 mg) in DMF (1.5 ml), EDOHCl 
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(96 mg) and HOBt«H 2 0 (76.5 mg) were added, which was stirred for 14 
hours at room temperature, followed by concentration under reduced 
pressure to give residue containing product. The same purification 
as those in example 1 was carried out. The above-mentioned product 
(174 mg) was obtained. Said compound was identified as the desired 
compbund by HPLC analysis, time of flight mass spectrometry and 
1 H-NMR. 

HPLC retention time: 18.97 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 528 
FAB-MASS: [M + H]+ 528 

'H-NMR (DMSO-d 6 ) 6 ppm: 1.27 (s;9H), 1.40 (s;3H), 1.49 
(s;3H), 1.80 (s;3H), 2.75 (m;2H), 3.2-3.4 (m;lH), 4.35 (bs; 1H), 
4.52 (bs and s;2H), 4.98 (d;lH), 5.18 (d;lH), 5.27 (d;lH), 6.55 
(d;lH), 6.76 (d;lH), 6.94 (t;lH), 7.13 (t;lH), 7.23 (t;2H), 7.36 
(d;2H), 7.63 (s;lH), 8.22 (d;lH), 9.3 (s;lH) 

[Example 23] 

( R )-N-tert-butyl-3- [ ( 2S, 3S )-2-hydroxy-3- [3-carbaraoylbenzoyl ] 

amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a solution of (R)-N-tert-butyl-3-[(2S,3S) -2-hydroxy-3- 
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[2-carboxybenzoyl]amino-4-phenylbutanoyl] -1, 3-thiazolidine-4- 
carboxamide (145 rag) dissolved in DMF (2 ml), EDOHCl (54.3 mg) and 
HOBt«H 2 0 ( 43 . 3 mg) were added, which was stirred for 1 hour at room 
temperature. After the reaction, to the reaction mixture, 25% 
ammonium aqueous solution (19.2 ul ) was added and kept stirred for 
14 hours at room temperature, followed by concentration under 
reduced pressure to give residue containing product. The same 
purification as those in example 1 was carried out. The 
above-mentioned compound (122 mg) was obtained. Said compound was 
identified as the desired compound by HPLC analysis and time of 
flight mass spectrometry. 

HPLC retention time: 16.38 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + HJ+ 513 

[Example 24] 

N-tert-butyl-1- [ ( 2S, 3S )-2-hydroxy-3-N- [3-hydroxy-2-methylbenzoyl] 

amino-4-phenylbutanoyl] -L-prolinamide 

To a suspension of ( 2S, 3S)-H-AHPBA-Pro-NH-tBu (347 mg) and 

3-hydroxy-2-raethyl benzoic acid (152 mg) in DMF (5 ml), EDOHC1 

(192 mg) and HOBt.H 2 0 (135 mg) were added, which was stirred for 14 
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hours at room temperature, followed by concentration under reduced 
pressure to give residue containing product. The same purification 
as those in example 1 was carried out. The above-mentioned product 
(276mg) was obtained. Said compound was identified as the desired 
compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 16.80 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 482 

[Example 25] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- [ 3-amino-2-methylbenzoyl] 

amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of (2S,3S)-H-AHPBA-Thz-NH-tBu (365 mg) and 

3-amino-2-methylbenzoic acid (151 mg) in DMF (4 ml), EDOHC1 (211 

mg) and H0Bt»H 2 0 (153 mg) were added, which was stirred for 14 

hours at room temperature, followed by concentration under reduced 

pressure to give residue containing product. The same purification 

as those in example 1 was carried out. The above-mentioned product 

(153 mg) was obtained. Said compound was identified as the desired 

compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 14.57 min. (The conditions were the 
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same as those in example 1.) 

TOF-MASS: [M + H]+ 499 

[Example 26] 

(R) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- ( 2 , 3-dimethylbenzoyl] 
amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S , 3S ) -H-AHPBA-Thz-NH- tBu (365 mg) and 
2,3-dimethyl benzoic acid (150 rag) in DMF (4 ml), EDC*HC1 (201 mg) 
and HOBt»H 2 0 (153 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 1 was carried out- The above-mentioned compound (280 mg) 
was obtained. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 19.77 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 498 

[Example 27] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- [2-amino-3-hydroxybennzoyl] 

amino-4-phenylbutanoyl] -1 , 3-thiazolidine-4-carboxamide 
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To a suspension of ( 2S, 3S )-H-AHPBA-Thz-NH-tBu (365 mg) and 
2-amino-3-hydroxybenzoic acid (168 mg) in DMF (4 ml), EDC-HCl (211 
mg) and HOBt»H 2 0 (168 mg) were added, which was stirred for 14 
hours at room temperature, followed by concentration under reduced 
pressure to give residue containing product. The same purification 
as those in example 1 was carried out. The above-mentioned compound 
(130 mg) was obtained. Said compound was identified as the desired 
compound by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 15.55 min. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H] + 501 

[Example 28] 

( R ) - N- tert -butyl- 3 - [ ( 2S, 3S )-2-hydroxy-3-( 2-raethyl-3-hydroxybenzoyl ) 

amino-4-phenylbutanoyl]-l,3-thiazolidine-l,l-dioxide-4- 
carboxamide 

[Process 1] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -3- ( tert-butoxycarbonyl ) amino-2- 
hydroxy-4-phenylbutanoyl ] -1 , 3-thiazolidine-l , l-dioxide-4- 
carboxamide 

To a mixture of Boc-AHPBA-Thz-NH-tBu (1.40 g;3.0 mmol), MeOH 
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(24 ml): H 2 0 (12 ml), OXONE (2.17 g; 3.6 mmol ) was added which was 
stirred for 14 hours at room temperature. The reaction mixture was 
extracted after adding dichloromethane and water. Separated organic 
layer was washed with 5% brine solution and dried over magnesium 
sulphate anhydride, followed by concentration thereof under reduced 
pressure. Obtained crystal by recrystallization of the residue from 
toluene/n-hexane was further purified by silica gel chromatography 
(ethyl acetate/n-hexane). Again, the obtained residue 
was further purified by recrstallization from toluene/n-hexane. 
The above mentioned compound(0.25g, yield 17%) was recovered. 

[Process 2] 

( R ) - N - 1 er t -butyl - 3 - [ ( 2S , 3S ) -2-hydroxy-3-( 2-methyl-3-hydroxybenzoyl ] 
amino-4-phenylbutanoyl] -1, 3-thiazolidine-l , 1- dioxide- 4 -carboxamide 
To Boc-AHPBA-Thz(0 2 )-NH-tBu (200 mg) obtained in process 1, 
4N-HCl/dioxane solution (2 ml) was added and the mixture was 
stirred for 3 hours at room temperature, followed by concentration 
to give residue, which was dissolved in DMF (6ral) and neutralized 
with triethylamine (0.06 ml). Thereto, 3-hydroxy-2-methylbenzoic 
acid (64 rag), EDC«HC1 (84 mg) and H0Bt.H 2 0 (64 mg) were added, 
which was stirred for 14 hours at room temperature, followed by 
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concentration under reduced pressure to give residue containing 
product. The same purification as those in example 1 was carried 
out. The above-mentioned compound (60 mg) was obtained. Said 
compound was identified as the desired compound by HPLC analysis 
and time of flight mass spectrometry. 

HPLC retention time: 16.52 rain. (The conditions were the 
same as those in example 1 . ) 

TOF-MASS: [M + H]+ 532 

[Example 29] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- ( 3, 5-dihydroxybenzoyl ) 
amino-4-phenylbutanoyl] -l, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S ) -H-AHPBA-Thz-NH-tBu (365 mg) and 
3,5-dihydroxybenzoic acid (170 mg) in DMF (5 ml), EDC-HC1 (211 mg) 
and H0Bt.H 2 0 (168 mg) were added, which was stirred for 14 hours at 
room temperature, followed by concentration under reduced pressure 
to give residue containing product. The same purification as those 
in example 1 was carried out. The above-mentioned compound (70 mg) 
was obtained. Said compound was identified as the desired compound 
by HPLC analysis and time of flight mass spectrometry. 

HPLC retention time: 15.68 min. (The conditions were the 
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same as those in example 1. ) 

TOF-MASS: [M + H]+ 502 



[Example 30] 

( 4S, 5R) -N-tert-butyl-3-[ ( 2S , 3S ) -2-hydroxy-3 - ( 2-methyl-3- 

hydroxybenzoyl)amino-4-phenylbutanoyl]-5-methyl-l,3-oxazolidine-4- 
carboxamide 

[Process 1] 

(4S, 5R)-3-tert-butoxycarbonyl-4-N-tert-butylcarbamoyl-5-methyl-l, 
3-oxazolidine 

A mixture of (4S, 5R)-3-tert-butoxycarbonyl-5-methyl-l, 
3-oxazolidine-4-caboxylic acid, Boc-0xz(Me)-0H (4.13 g), HOSu (2.06 
g) and EDC-HCl (3.76 g) dissolved in 100ml of dichloromethane was 
stirred for 2 hours at room temperature, followed by adding 3.75 ml 
tert-butylamlne and stirring it for another 3 hours. The reaction 
mixture was washed with 3% Na 2 C0 3 aqueous solution, 1N-HC1 and 5% 
NaCl aqueous solution consecutively and dried over magnesium 
sulphate anhydride. After evaporation of the solvent, 
recrystallization of the obtained residue from n-hexane to yield 
3.94 g of above-mentioned compound (yield 77%). Said compound was 
identified to be the desired compound by ^-NMR spectroscopy. 
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'h-NMR (DMSO-d 6 ): 6 ppm:1.26 <S,9H), 1.39 (s,9H), 3.7-3.8 
<br,lH), 4.1-4.2 (br,2H), 4.72 <br,lH), 4.82 (br,lH), 7.53 (br,lH). 
[Process 2] 

( 2S, 3S ) -3-tert-butoxycarbonylamino-2-hydroxy-4-phenylbutanoic 
acid benzylester 

A mixture of Boc- AHPBA-OH • DCHA (4.76 g) and 1.19 ml of benzyl 
bromide dissolved in 20 ml of DMF was stirred overnight (about 14 
hours) at room temperature. The reaction mixture was filtrated and 
the filtrate was concentrated. The obtained residue was dissolved 
in ethyl acetate and washed with 5% citric acid aqueous solution, 
3% disodium carbonate aqueous solution and 5% brine solution 
consecutively and dried over magnesium sulphate anhydride. 
Recrystallization of the residue from n-hexane to yield 3.11 g of 
the desired compound (yield 81%). 
[Process 3] 

( 2S, 3S ) - 3- ( 2 -methyl- 3 -hydroxy benzoyl ) amino- 2 -hydroxy -4- 
phenylbutanoic acid benzyl ester 

A solution of Boc-AHPBA-OBzl (1.15 g) obtained in process 2 
and 4N-HCl/dioxane (20 ml) in 20 ml of dichloromethane was stirred 
for 3 hours at room temperature. 

The reaction mixture was concentrated and obtained residue was 
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dissolved in 30 ml of DMF and neutralized with 0.42 ml of Et 3 N, 
following by adding 3 -hydroxy- 2 -methyl benzoic acid (0.46 g), 
H0Bt-H 2 0 (0.46 g) and EDOHC1 (0.63 g) and stirring it overnight 
(about 14 hours) at room temperature. Then, the reaction mixture was 
stirred after addition of dichloromethane and 5% sodium bicarbonate 
aqueous solution thereto. The organic layer (dichloromethane layer) 
was separated and washed with 5% sodium bicarbonate aqueous 
solution, 1N-HC1 and 5% brine solution consecutively. During this 
operation, crystalline precipitate from organic layer was recovered 
by filtration. The filtrate was dried over magnesium sulphate 
anhydride and concentrated to give the residue, which was also 
recovered. Recrystallization of precipitated crystalline combined 
with the residue yielded 0.71 g of the desired compound (yield 
56%). 

[Process 4] 

( 2S, 3S )-3- ( 2-raethyl-3-hydroxybenzoyl ) amino- 2 -hydroxy- 4 - 
phenylbutanoic acid 

Into a solution of (3-hydroxy-2-methylbenzoyl )-AHPBA-OBzl 
(0.64 g) obtained in process 3 in 20 ml of methanol, hydrogen gass 
was introduced in the presence of 10% Pd/C (30 mg) overnight (for 
about 14 hours). The reaction mixture was filtrated and the 

62 



filtrate was concentrated. Recrystallization of the residue from 
acetone/n-hexane to yield 0.56 g of the above-mentioned compound 
(yield 100%). Said compound was identified to be the desired 
compound by l H-NMR spectroscopy and time of flight mass 
spectrometry . 

T0F-MASS:[M + H]+ 330 

'H-NMRCCDClj) 6 ppm: 1.98 (s;3H), 2.91 (d; 2H, J-7. 5Hz ) , 4.34 
(d;lH, J=3.6Hz), 4.74 <m;lH), 6.60 (d;lH, J=7.5Hz), 6.91 
(dd;lH,J«7.5Hz,7.5Hz), 7. 1-7. 3(m; 5H) , 7.62 (s;lH), 8.8-9.0 (br;lH) 

[Process 5] 

( 4S, 5R)-N-tert-butyl-3-[ (2S, 3S )-2-hydroxy-3-( 2-methyl-3- 

hydroxybenzoyl)amino-4-phenylbutanoyl]-5-methyl-l,3-oxazolidine- 
4-carboxamide 

A mixture of Boc-Oxz (Me)-NHtBu (286 mg) and 4N-HCl/dioxane 
(2.5ml) was stirred for 3 hours at room temperature. After 
evaporation of the solvent, obtained residue was dissolved in 4 ml 
of DMF and neutralized with Et,N (0.14 ml), followed by adding 
(3-hydroxy-2 methylbenzoyl)-AHPBA-OH (362 mg), H0Bt.H 2 O (164 mg), 
EDC.HC1 (211 mg) and stirring it for 14 hours at room temperature. 
The reaction mixture was concentrated under reduced pressure to 
give residue containing product. Purification was carried out in 
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the same manner as those in example 1 to yield the above-mentioned 
compound (210 mg). Said compound was identified to be the desired 
compound by, HPLC analysis, l H-NMR spectroscopy and time of flight 
mass spectrometry. 

HPLC retention time: 15.55 rain. (The conditions are the same 
as those in example 1 . ) 

TOF-MASS: [M +H]+ 501 

a H-NMR (DMS0-d 6 )6 ppm: 1.27 (s;9H), 1.32 (d;3H, J-5.lHz), 
1.60 (s;3H), 4.00 (m;3H), 4.28 (br;3H), 5.06 (d;lH, J=5.4Hz), 5.43 
(d;lH, J=3.6Hz), 5.55 (d;lH, J-6.4Hz), 6.57 (d; 1H, J-8.9Hz), 6.78 
(d;lH, J=8.9Hz), 6.94 (dd;lH, J=7.9Hz, 7.9Hz), 7.16 (d;lH, 
J-7.5HZ), 7.24 (t;2H,J=7.5Hz, 7.5Hz), 7.33 (d;2H, J=7.5Hz), 7.74 
(s;lH), 8.15 (d;lH, J-7.9 Hz), 9.34 (s;lH) 

[Example 31] 

( R ) -N-tert-butyl-3- [ ( 2S, 3S ) -2-hydroxy-3- ( 2-ethyl-3-hydroxybenzoyl ) 
amino-4-phenylbutanoyl] -1, 3-thiazolidine-4-carboxamide 

To a suspension of ( 2S, 3S ) -H-AHPBA-Thz-NHtBu (365 mg) and 
2-ethyl-3-hydroxybenzoic acid (183 mg), EDC-HCl (211 rag) and 
H0Bt.H 2 0 (168 rag) were added, which was stirred for 14 hours at 
room temperature. 
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The reaction mixture was concentrated under reduced 
pressure to give residue containing product. Purification was 
carried out in the same manner as those in example 1 to yield the 
above-mentioned compound (319 mg). Said compound was identified to 
be the desired compound by HPLC analysis, 'h-Nmr and time of 
flight mass spectrometry. 

HPLC retention time: 17.28 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H]+ 514 

l H-NMR(DMSO-d 6 ) 6 ppm: 0.85 (t;3H, J«7.5Hz, 7.5H Z ), 1.25 
(s;9H), 2.35 (m;2H), 2.74 (m;2H), 3.00 (m;lH), 3.20-3.40 (m;lH), 
4.35 (br;lH), 4.55 <br;lH), 4.77 (m;2H), 5.05 (d;lH, J=9.3Hz), 5.25 
(d;lH, J-7.lHz), 6.5 <d;lH, J=7.1Hz), 6.78 (d;lH, J=8.6Hz), 6.94 
(dd;lH, J«7.9Hz, 9Hz ) , 7.18 (d;lH, J=.6.6Hz), 7.22 (t;2H, J»7.1Hz, 
7.1Hz), 7.38 (d;2H, J=7.5Hz), 7.63 (s;lH), 8.2l(d;lH, J=7.9Hz), 
9.31 (s;lH) 



[Example 32] 

<R)-N-tert-butyl-3-[(2S,3S)-2-hydroxy-3-( 3-hydroxy-2- 
propylbenzoyl )amino-4-phenylbutanoyl] -1, 3-thiazolidine-4- 
carboxamide 
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To a suspension of ( 2S, 3S)-H-AHPBA-Thz-NHtBu (365mg) and 
3-h y aroxy-2-propylbenzoic acid ( 168 mg ) in 4 ml of DMF , EDC • HC1 (211 
mg) and HOBt-H^O (168 mg) were added, which was stirred for 14 
hours at room temperature. The reaction mixture was concentrated 
under reduced pressure to give residue containing product. 
Purification was carried out in the same manner as those in example 
1 to yield the desired compound (130 mg). Said compound was 
identified to be the above -mentioned compound by HPLC analysis and 
time of flight mass spectrometry. 

HPLC retention time: 18.04 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H]+ 528 



[Example 33] 

( R ) -N-tert-butyl-3- [ ( 2S , 3S )-2-hydroxy-3-( 3, 5-diamino-2- 

methylbenzoyl)amino-4-phenylbutanoyl]-l,3-thia2olidine-4- 
carboxamide 

[Process 1] 

(R)-N-tert-butyl-3-[ ( 2S , 3S ) - 2-hydroxy-3 - ( 2-methyl-3 , 5- 

dinitrobenzoyl)amino-4-phenylbutanoyl]-l, 3-thiazolidine-4- 
carboxamide 
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To a suspension of ( 2S, 3S)-H-AHPBA-Thz-NHtBu (1.10 g) and 
2-methyl-3, 5-dinitrobenzoic acid (3, 5-dinitro-o-toluic acid/0. 75g) 
in 15 ml of DMF, EDOHC1 (0.63 g) and HOBt • H 2 0 (0.45 g) were added, 
which was stirred for 14 hours at room temperature. The reaction 
mixture was concentrated under reduced pressure to give residue 
containing product. Purification was carried out in the same manner 
as those in example 1 to yield the above-mentioned compound (1.08 
g). Said compound was identified to be the desired compound by HPLC 
and time of flight mass spectrometry. 

HPLC retention time: 19.42 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H]+ 574 

[Process 2] 

( R ) -N-tert-butyl-3- [ ( 2S , 3S )-2-hydroxy-3-( 3, 5-diamino-2- 
methylbenzoyl )amino-4-phenylbutanoyl] -1, 3-thiazolidine-4- 
carboxamide 

( R ) -N-tert-butyl-3- [(25,3s ) -2-hydroxy-3- ( 2-methyl-3 , 5- 
dinitrobenzoyl )araino-4-phenylbutanoyl] - 1 , 3- thiazolidine-4- 
carboxamide (287 mg) was dissolved in ethanol (10 ml) and iron 
powder (279 mg) and 10% acetic acid aqueous solution (15 ml) was 
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dropped thereto, followed by stirring it for 1 hour at 50 °C, 
adding 5 ml of 1N-HC1 and 40 ml of 5% bicarbonate aqueous solution 
and adjusting to pH 7.5. The reaction mixture was extracted with 
dichloromethane (40 ml). The extract was dried over magnesium 
sulphate anhydride and was concentrated under reduced pressure to 
give residue containing product. The residue was purified by silica 
gel chromatography to give 30 mg of crude product, which was, 
further, purified by prepartive HPLC to yield the above-mentioned 
compound (15 mg). Said compound was identified to be the desired 
compound by HPLC and time of flight mass spectrometry. 

HPLC retention time: 13.45 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H]+ 514 

[Example 34] 

( R )-N- ( 2-methylbenzyl ) -3- [ (2S, 3S ) -3-(3-hydroxy-2-methylbenzoyl ) 

amino-2~hydroxy-4-phenylbutanoyl]-l / 3-thiazolidine-4-carboxamide 
[Process 1] 

(R)-N- ( 2-methylbenzyl ) -1 , 3-thiazolidine-4-carboxamide( H-Thz-NH-Bz 
1(2-Me) ) 

To a solution of Boc-Thz-OH (6.99 g) and H0Bt-H 2 0 (4.05 g) in 
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100 ml of CH 2 C1 2/ EDOHC1 (6.30 g) was added, which was stirred for 
3 hours at room temperature, followed by adding 2 -methyl benzyl 
amine (4.46 ml) thereto and stirring it overnight (for about 14 
hours ) . 

The reaction mixture was washed with 3% sodium carbonate aqueous 
solution, 1N-HC1 and 5% brine solution consecutively and dried over 
magnesium sulphate anhydride. After evaporation of the solvent, the 
residue was, again, dissolved in 100 ml of dichloromethane, 
followed by the addition of methane sulfonic acid (5.86 ml) thereto 
and stirring it for 1 hour at room temperature. 

Then, 150 ml of water was added thereto and stirred and water 
layers were separated. The separated water layer was extracted with 
100 ml of dichloromethane at pH 8 adjusted with sodium carbonate. 
The separated dichloromethane layer was washed with 5% brine 
solution and dried over magnesium sulphate anhydride. After 
evaporation of the solvent, recrystallization of the obtained 
residue from ethyl acetate/n-hexane to yield 6.04 g of the 
above-mentioned compound (yield 85%). 

1 H-NMR(DMSO-d 6 ) 6 ppm: 2.56 (s,3H), 2.85-3.05 (m,3H), 
3.2-3.4 (m 7 lH), 3.86 (m,lH), 4.0-4.2 (m,2H), 4.2-4.3 (br,2H), 
7.0-7.2 (br,4H), 8.34 (br,lH) 
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[Process 2] 

(R ) -N-( 2-methylbenzyl)-3- [(2S, 3 S ) - 3 - amino - 2 -hydroxy- 4 - 
phenylbutanoyl]-l,3-thiazolidine-4-carboxamide( (2S,3S)-H- 
AHPBA-Thz-NH-Bzl( 2-Me) ) 

To a solution of H-Thz-NH-Bzl( 2-Me) (5.83 g), Boc-AHPBA-OH 
(7,29 g) and HOBt«H 2 0 (3.34 g) in 100 ml of CH 2 C1 2 , EDC-HCl (5.19 g) 
were added, which was stirred for 14 hours at room temperature. The 
reaction mixture was washed with 3% sodium carbonate aqueous 
solution, 1N-HC1 and 5% brine solution consecutively and dried over 
magnesium sulphate anhydride. After evaporation of the solvent, the 
residue was, again, dissolved in 150 ml of dichloromethane, 
followed by the addition of methane sulfonic acid (4.82ml) thereto 
and stirring it for 1 hour at room temperature. 

Then, 150 ml of water and 14.8 ml of 5N-NaOH aqueous 
solution were added thereto and stirred and two layers were 
separated. The dichloromethane layer was washed with 5% saline 
solution and dried over magnesium sulphate anhydride. After 
evaporation of the solvent, the residue was dissolved in 150 ml hot 
ethyl acetate and insoluble substance was removed by filtration, 
followed by evaporation of solvent to obtain crude product powder 
(7.00 g) was obtained. 2.00 g of the powder was purified silica 
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gel chromatography ( dichloromethane/MeOH ) to give the rough- 
purified product. Recrystallization of the obtained rough-purified 
product from ethyl acetate/n-hexane to yi e i d x . 48 g Qf ^ 
above-mentioned compound (yield 52%). 

VnMRCCOCI,) 6 PP m: 0.2-1.4 (br,2H), 2.20 <s,3H), 2.2-2.4 
C1H), 2.4-2.6 (m,lH), 3.14 (d,2H, J-16.8Hz), 3.21 (t,lH, 
J-5.4HZ), 3.48 <d;lH. J=9.6Hz), 3.94 (d;lH, J=9 .6Hz), 4.1-4.3 
<»,1H), 4.3-4.5 <m,lH), 4.55 (d,lH, J~7.5H Z ), 6.8-7.1 <m,6H), 
7.1-7.4 (m,3H), 7.9-8.1 (br,lH) 

[Process 3] 

(R)-N-(2-methylbenzyl)-3-[(2S,3S)-3-(3-hydroxy-2-methylbenzoyl) 
amino- 2 -hydro X y-4-p h enylbutanoyl] -1 , 3-thiazolldine-4-carboxamide 

To a suspension of ( 2S, 3S)-H-AHPBA-Thz-NH-Bzl( 2-Me) (414 
mg) and 3 -hydroxy- 2 -methyl benzoic acid (167 mg) in 4 ml of DMF, 
EDC (211 mg) and HOBt (149 mg) were added, which was stirred for 14 
hours at room temperature. The reaction mixture was concentrated 
under reduced pressure to give residue containing product. 
Purification was carried out in the same manner as discribed in 
example 1 to yield the above-mentioned compound (500 mg). Said 
compound was identified to be the desired compound by 'h-NMR and 
time of flight mass spectrometry as described below. 
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HPLC retention time: 19.34 min. (The conditions are the 
same as those in example 1.) 

TOF-MASS: [M +H]+ 548 

'H-NMRCDMSO-d.) 6 ppm: 1.83 (s;3H), 2.23 (s;3H). 2.78 
U;2H), 3.10 (m;lH), 3.20-3.40 (m;lH). 4.18 <d; 1H, J=6.0Hz), 4.30 
(d;lH, J-7.1Hz), 4.38 (m; 2H), 4.78 (d;l H , j=8.7Hz), 4.87 (t;lH, 
J=6.4Hz, 6.4Hz), 5.03 <d;lH, J,10.0Hz), 5.45 (d;lH, J=6.4Hz), 6.55 
(d;lH, J=7.2Hz), 6.77 (d;lH, J-S.lHz), 6.93 (dd;lH, J=6 .4Hz, 
6.4Hz), 7.12 <bs.-4H), 7,23 ( bS ;3H). 7.32(d;2H, ^e.OHz), 8.15(d;lH, 
J=7.9Hz), 8.35 (br;lH), 9.37 (s;lH) 

[Example 35] 

(R)-N-(2-meth y lben zy l)-3-[(2 S ,3S)-3-(2-eth y l-3-hydroxybenzoyl) 
amino-2-hydroxy-4- P henylbutanoyl] -1 , 3-thiazolidine-4-carboxainide 

Using (2S,3S)-H-AHPBA-Thz-NH-Bzl(2- M e) (414 mg) and 
2-ethyl-3-hydroxybenzoic acid (167 mg) , condensation and 
purification were carried out in the same manner as discribed in 
example 1 to yield the above-mentioned compound (500 mg). Said 
compound was identified to be the desired compound by HPLC and time 
of flight mass spectrometry as described below. 

HPLC retention time: 19.61 min. (The conditions are the 
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same as those in example 1.) 

TOF-MASS: [M +H]+ 562 



[Example 36] 

(R)-N-tert-buty 1 -3-[(2S,3S)-3-(2-ethyl-3-hydroxybenzoyl) 

amino-2-hydroxy-4-ph e nylbutanoyl]-5,5-din, e thyl-l,3-thiazolidine-4 
-carboxamide 

Using ( 2S, 3S )-H-AHPBA-Dmt-NHtBu (414mg) and 2-ethyl-3- 
hydroxybenzoio acid (167mg), condensation and purification were 
carried out in the same manner as discribed in example 1 to yield 
the above-mentioned compound (500 mg). Said compound was identified 
to be the desired compound by HPLC analysis and time of flight mass 
spectrometry as described below. 

HPLC retention time: 19.61 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H] + 542 



[Example 37] 

(R)-N-( 2-methylbenzyl ) -3- [ ( 2S , 3S ) -3- ( 3-hydroxy-2-n.ethylbenzoyl ) 
amino-2-hydroxy-4- P henylbutanoyl]-5,5-dimethyl-l,3-thiazolidine-4 



-carboxamide 
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Using (2S,3S)-H-AHPBA-Dmt-NH-Bzl(2-Me) (414 mg) and 
3-hydroxy-2-methylbenzoic acid ( 167 mg ) , condensation and 
purification were carried out in the same manner as those in 
example 1 to yield the above-mentioned compound (500 mg). Said 
compound was identified to be the desired compound by HPLC analysis 
and time of flight mass spectrometry as described below. 

HPLC retention time: 19.89 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H] + 576 



[Example 38] 

( R ) -N- ( 2-methylbenzyl )-3- [ ( 2S , 3S )-3-( 2-ethyl-3-hydroxybenzoyl ) 

amino-2-hydroxy-4-phenylbutanoyl]-5,5-dimethyl-l,3-thiazolidine-4 
-carboxamide 

Using (2S,3S)-H-AHPBA-Dmt-NH-Bzl(2-Me) (414 mg) and 
2-ethyl-3-hydroxybenzoic acid (167 rag), condensation and 
purification were carried out in the same manner as discribed in 
example 1 to yield the above-mentioned compound (500 mg). Said 
compound was identified to be the desired compound by HPLC analysis 
and time of flight mass spectrometry as described below. 

HPLC retention time: 19.61 min. (The conditions are the 
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same as those in example 1 . ) 

TOF-MASS: [M +H]+ 590 



[Example 39] 

(R)-N-n-butyl-3-[(2S,3S)-3-(3-h yd roxy-2-methylb e nzoyl) 
a mlno-2-hydroxy-4- P henylbutanoyl]-l,3-thlazolidlne-4-carboxamlde 

Using (2S,3S)-H-AHPBA-Thz-NHnBu (183 mg) and 3-hydroxy-2- 
methylbenzoic acid (76 mg), condensation and purification were 
carried out in the same manner as discribed in example 1 to yield 
the above-mentioned compound (160 mg). said compound was identified 
to be the desired compound by HPLC analysis and time of flight mass 
spectrometry as described below. 

HPLC retention time: 17.24 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H] + 500 

[Example 40] 

( 2S, 4S ) -N- tert-butyl-3- [ ( 2S, 3S ) -3-( 2-methyl-3-hydroxybenzoyl ) 

amino-2-hydroxy-4-phenylbutanoyl]-4-chloropyrrolidine-2-caroxamide 
Using Boc-Pro[4(S)-Cl]-NHtBu (152 mg) and <2S,3S)-(3-hydroxy 
-2-methylbenzoyl-AHPBA-0H (173 mg), condensation and purification 
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were carried out in the same manner as those in example 30 to yield 
the above-mentioned compound (240 mg). Said compound was identified 
to be the desired compound by HPLC analysis and time of flight mass 
spectrometry as described below. 

HPLC retention time: 17.95 min. (The conditions are the 
same as those in example 1.) 

TOP-MASS: [M +H]+ 517 



[Example 41] 

( 2S, 4S )-N-( 2-methylbenzyl)-3-[( 2S,3S)-3-(3-hydrox Y -2- me thylbenzoyl) 
amino-2-hydroxy-4-phenylbutanoyl]-4-chloro P yrrolidine-2-carb 0 xamide 
Using Boc-Pro[4(S)-Cl]-NHBzl(2-Me) (171 mg) and (3-hydroxy 
-2-methylbenzoyl-AHPBA-OH (168m g)/ condensation and purification 
were carried out in the same manner as those in example 30 to yield 
the above-mentioned compound (230 mg). Said compound was identified 
to be the desired compound by HPLC analysis and time of flight mass 
spectrometry as described below. 

HPLC retention time: 20.44 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H]+ 564 
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[Example 42] 

(R)-N-( 2-chlorobenzyl ) -3- [ ( 2S, 3S ) -3- ( 3-hydroxy-2-methylbenzoyl ) 

amino-2-hydroxy-4-phenylbutanoylJ-l,3-thia 2 olidine-4-carboxamide 

Using Boc-AHPBA-Thz-NHBzl(2-Cl) (276 mg) and 2-methyl-3- 
hydroxybenzoic acid (83 mg), condensation and purification were 
carried out in the same manner as those in example 30 to yield the 
above-mentioned compound (160 mg). Said compound was identified to 
be the desired compound by HPLC analysis and time of flight mass 
spectrometry as described below. 

HPLC retention time: 20.06 min. (The conditions are the 
same as those in example 1 . ) 

TOF-MASS: [M +H] + 569 
[Example 43] 

( 2S, 4S )-N-tert-butyl-3-[ ( 2 S , 3 S ) - 3 - ( 2 - e thy 1 - 3 - 

hydroxybenzoyl)amlno-2-hydroxy-4-phenylbutanoyl]-4- 
chloropyrol idine- 2 -carboxamide 

Using Boc-AHPBA-Pro[4(S)Cl]-NHtBu (429 mg) and 2-ethyl-3- 
hydroxybenzoic acid (155 mg), condensation and purification were 
carried out in the same manner as in example 32 to yield the above- 
mentioned compound (328 mg). said compound was identified to be 
the desired compound by HPLC and time of flight mass spectrometry 
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as described below. 

HPLC retention time: 20,33 min. (the conditions are the same 
as in example 1 ) 

TOF-MASS: [M +H] * 531 
[Example 44] 

(R)-N-< 2, 6-dimethylbenzyl )-3-[< 25,3s ) -3- ( 3 - hydroxy- 2- 

methylbenzoyl)amino-2«hydroxy-4-phenylbutanoyl]-l / 3-thiazolidine-4- 
carboxamide 

Using (3-hydroxy-2-methylbenzoyl)-AHPBA-OH prepared from 173 
mg of 3-hydroxy-2-methylbenzoic acid in the same manners as in 
example 30 and H-Thz-NH-Bzl( 2, 6-Me) ( 125 mg), condensation and 
purification were carried out to yield the above-mentioned compound 
(234 mg). Said compound was identified to be the desired compound 
by HPLC and time of flight mass spectrometry as described below. 

HPLC retention time: 20.69 min. (the conditions are the same 
as in example 1) 

TOF-MASS: [M +H]* 562 
[Example 45] 

( R ) - N - ( 2-chlorobenzyl ) -3- [ ( 2S, 3S ) - 3 - ( 3 - hy dr o xy - 2 - 

"ethylbenzoyl) amino- 2 -hydroxy- 4-phenylbutanoyl] -5,5- 
dimethyl thiazolidine-4-carboxamide 
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Using ( 2S, 3S ) -H-AHPBA-Dmt-NH-Bzl( 2-C1 ) (138 mg) and 3 -hydroxy - 
2-methylbenzoic acid (50 mg), condensation and purification were 
carried out in the same manner as in example 1 to yield the above- 
mentioned compound (100 mg). Said compound was identified to be 
the desired compound by HPLC and time of flight mass spectrometry 
as described below. 

HPLC retention time: 20.91 min. (the conditions are the same 
as in example 1) 

TOF-MASS: [M +H]* 597 

In order to confirm that the dipeptide compound of the present 
invention has characteristics suitable for medicinal use, for 
example, an excellent HIV protease inhibitory activity and 
lowercy to toxicity etc., the following tests were carried out. 

[Test example 1] HIV protease inhibitory activity 
According to a method which was already reported in 
publications (Yoshiaki Kiso, Yuuki-gosei-kagaku-kyokai-shi, vol. 
52, 403-412 (1994), Japanese laid-open patent, No. 170722(1993), 
etc.), the compounds of example 1-42 were evaluated to verify high 
HIV protease inhibitory activity of the dipeptide compound of the 
present invention. As a positive control, KNI-272 which was already 
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reported to exhibit high HIV protease inhibitory activity (Yoshiaki 
Kiso, Yuuki-gosei-kagaku-kyokai-shi, vol 52, 403-412 (1994)) was 
also evaluated for comparison. 

Test method 

Recombinant HIV protease (Biochemistry, 250 (9), 264 (1990)) 
and synthetic hepta-peptide ( H-Ser-Gln-Asn-Tyr-Pro-Ile-Val-OH/ 
trifluoroacetic acid salt) were used for assay of protease 
activity. Peptide fragment H-Pro-Ile-Val-OH formed by cleavage 
between -Tyr...Fro of said substrate after a reaction in the 
presence of various concentration of tested compound at 37 °C for 60 
rain, was determined by reversed phase HPLC and the inhibitory rate 
was calculated (referred to Japanese laid-open unexamined patent. 
No. 170722/1993). 

Some examples of the evaluation results of HIV protease 
inhibitory activity of the dipeptide compound of the present 
invention according to the above-mentioned method were summarized 
in Table 1 which also includes the evaluation results of 
KNI-272 [ ( R ) -3- [ ( 2S, 3S ) -3- ( N- ( isoquinoline-5-yloxy ) acetyl - 
methyl thio-L-alanyl ) amino- 2 -hydroxy- 4 - phenyl butanoyl ] 
1, 3-thiazolidine-4-N' -t-butylcarboxamide as another positive 
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control which is a hydroxymethylcarboxamide type of tripeptide 
similar to the dipeptide compound of the present invention and has 
(2S, 3S)-3-amino-2-hydroxy-4-phenylbutanoyl residue. As the 

evaluation results showed, any of the peptide compounds of the 
present invention exhibited high HIV protease inhibitory activity. 
The concentration of tested compound represents the final 
concentration thereof of the reaction mixture. 



[Table 1] 



HIV protease inhibitory activity(%) 
Tested compound Concentration 



[5 uM] [50nM] 



Compound 


of 


example 1 


52.0 




Compound 


of 


example 2 


74.9 




Compound 


of 


example 6 


76.0 




Compound 


of 


example 7 


62.2 




Compound 


of 


example 13 


70.4 




Compound 


of 


example 21 


96.7 


36.1 


Compound 


of 


example 22 


99.0 


87.6 


Compound 


of 


example 24 


94.2 


17.6 


Compound 


of 


example 25 


81.3 


Compound 


of 


example 26 


77.9 




Compound 


of 


example 27 


93.0 


13.4 


Compound 


of 


example 28 


96.1 


23.8 


Compound 


of 


example 29 


75.6 


Compound 


of 


example 30 


96.9 


21.5 


Compound 


of 


example 31 


97.5 


45.6 


Compound 


of 


example 32 


92.0 


17.2 


Compound 


of 


example 33 


85.2 


Compound 


of 


example 34 


96.7 


69.8 


Compound 


of 


example 35 


98.1 


48.8 


Compound 


of 


example 36 


>99.0 


83.5 
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Compound of example 37 >99.0 95 8 



Compound of example 38 >99.0 

Compound of example 39 92.0 

Compound of example 40 96.2 68 2 

Compound of example 41 97.7 76 "o 

Compound of example 42 97.4 



Compound of example 39 92.0 13 4 

68.2 
76.8 

-- c -r » . Ti 512 

Compound of example 43 96.7 



Compound of example 44 97.9 y5 

Compound of example 45 >99.0 94 is 



(Compound as a positive control) 

KNI 272 >99.0 96 . 7 



[Test example 2] Anti-HIV activity and cytotoxicity 
The anti-HlV activity of the dipeptide compound of the present 
invention was evaluated as described below. That is, the inhibitory 
action of the compound on formation of HIV virus particles which 
infects T lymphocyte was evaluated by potency to prevent death of 
T lymphocyte accompanied by said virus infection. 

Test method for anti-HIV activity and cytotoxicity 
According to a test method which was already reported in 
publications (H.Nakashima et al., Antimicrob. Agents Chemother .36, 
1249-1255 (1992), etc.,), anti-HIV activity was evaluated, by using 
MT-4 cell line and HTLV-IIIB virus, MT-4 cells (2.5 x 10 4 well, 
MOI:001) infected with said HTLV-IIIB virus just before the 
addition were into 96-well microtiter plate wherein each well 
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contained various concentration of tested compound. At the same 
time, in order to investigate cytotoxicity of tested compounds to 
MT-4 cell line, non-infected MT-4 cell line was cultured in the 
presence of various kinds of tested compound- After 5 day culture 
at 37 °C in a C0 2 incubator, the number of vial cells was counted by 
MTT method, 

Anti-HIV activity was expressed by the concentration at which 
it protect 50% of cytotoxicity by HIV infection (EC 50 , 50% effective 
concentration): cytotoxicity was expressed by the concentration 
exhibiting 50% cytotoxicity by tested compound (CC S0 , 50% cytotoxic 
concentration). Virus whose infectious value was 3.8 x 1Q 4 TCID 
50/ml was used. 

Evaluation examples of EC S0 of anti-HIV activity and of CC 50 of 
cytotoxicity were disclosed in table 2 which also includes the 
evaluation results of KNI-272 as positive control. As the results 
showed, it was clear that the peptide compounds of the present 
invention had anti-HIV activity, in addition, it was also clear 
that they showed lower cytotoxicity. That is, the concentration to 
reveal cytotoxicity is much higher than the concentration to 
prevent effectively HIV virus infection. 
[Table 2] 
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Tested compound 



Arvtl-HIV activity 



Cytotoxicity 



EC 50 (ug/ml) 



CC 50 (ug/ml) 



Compound of example 21 
Compound of example 22 
Compound of example 24 
Compound of example 28 
Compound of example 30 
Compound of example 31 
Compound of example 34 
Compound of example 35 
Compound of example 36 
Compound of example 38 



0.70 
0.15 
1.97 
1.80 
1.40 
1.46 
5.35 
4.15 
0.54 
0.18 



184 

156 
231 
146 
191 
168 



24.5 
90.9 
103 
19.5 



(Compound of positive control) 



KNI-272 



0.21 



115 



[Test example 3] Pharmacokinetics 

Metabolic characteristics of the dipeptide compounds of the 
present invention was evaluated using rats. Tested compounds 
dissolved in vehicle was administered intraduodenally or 
intravenously. After administration, blood was taken and the 
concentration of residual tested compound in plasma was analyzed. 
The dosage of the tested compound was described in table 3. 
Pharmacokinetical such as AUC (Area under the curve), MRT (Mean 
residence time), t l/2 (\) (half life) and parameter F 
(bioavailability on intraduodenal administration) were also 
disclosed in table 3 , wherein results of tripeptide derivative 
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KNI-272 were also disclosed as control. 



[Table 3] 



Dosage AUC MRT t l/2 (M F 

Tested compound (mg/kg) (ug/ml/min) (min) (min) (%) 



Compound of 
example 21 

i.v. 10.0 111 31.7 35.98 

i.d. 20.0 101 45.41 



Compound of 
example 22 

i.v. 10.0 111 22.9 23.89 

i.d. 20.0 106 47.53 



Compound of 
example 31 

i.v. 10.0 276 96.0 73.81 

i.d. 10.0 99 36.24 



Compound of 
example 34 

i.v. 10.0 124 31.9 40.51 

i.d. 10.0 40 32.26 



Compound of 
example 36 

i.v. 10.0 174 88.9 83.90 

i.d. 10.0 64 37.01 



Compound of 
example 37 

i.v. 10.0 131 74.7 92.63 

i.d. 10.0 55 41.55 



( control ) 
KNI-272 
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i-v- 10,0 224 23.2 25.57 

i.d. 10.0 98 43.20 



i.v. means intravenous administration 
i.d. means intraduodenal administration 

As the results showed, it became clear that plasma high level 
of the dipeptide of the present invention could be maintained for 
longer duration than KNI-272 as control because of its stability in 
vivo. 

[Example 43] 

[Pharmaceutical preparation] 
The dipeptide compound of the present invention can be orally 
administered according to the prescription described below, such 
as, capsules. For example, pharmaceutical preparation comprising 
the compound of example 21 as an effective ingredient can be 
prepared as capsules by packing fine powder lactose, magnesium 
stearate into a gelatin capsule whose composition was described in 
table 4. The amount of said peptide-like compound in a capsule can 
be selected depending on administration route or dosing duration. 
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Table 4 



Composition in a capsule 



Compound of example 21 20.0%(wt./wt ) 

^ 79.5%(wt./wt:> 
Magnesium steaxate 0 . 5%( wt . /w* . ) 



Throughout this specification and the claims which follow, unless the context requires otherwise, 
Ihe word "comprise", or variations such as "comprises" or "comprising", will be understood to 
imply the inclusion of a stated integer or step or group of integers or steps but not the exclusion 
of any other integer or step or group of integers or steps. 
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1- A dipeptide compound or pharmaceutic^/ acceptable salt thereof comprising 
general formula (I): 



General formula I 




(1) 



wherein R, represents a 5-membered or 6-membered monocyclic hydrocarbon group 
. : or heterocyclic group wherein moie than one carbon atom of said monocyclic 
hydrocarbon group is substituted with a hetero atom, and 3 or fewer groups can be 
' substituted in said cyclic group; X represents a methylene group (-CH 2 -), a 
..' cbJoromethylene group (-CH(Cl», an oxygen atom, a sulfur atom or a sulfonyl group (- 
•* SOj-); R 2I and R n each represents a hydrogen atom or an aliphatic hydrocarbon group 
. 1 -« <xrto™ which can be linear orbranched; R, represents an aliphatic 

; hydrocarbon S^P ! " 6 carbons or a monovalent group comprising an aromatic 

monocyclic hydrocarbon group having 12 or fewer carbon atoms in total, wherein said 
hydrocarbon group can be linear or branched, or a halogen atom can be substituted in the 
aromatic ring of said aromatic monocyclic hydrocarbon group. 

2. A dipeptide compound or pharmaceutically acceptable salt thereof comprising 
general formula (II): 



General formula II 




(II) 



wherein X represents a methylene group (-CH 2 -), a chloromethylene group (- 
IQ CH(C1», an oxygen atom, a sulfur atom or a sulfonyl group (-SOj); R 2I and R u each 
:X;: represents a hydrogen atom or an aliphatic hydrocarbon group having l-« carbons which 
I. ••: can be linear or branched; R 3 represents an aliphatic hydrocarbon group having 1-6 
• . : . . • carbons or a monovalent group comprising an aromatic monocyclic hydrocarbon group 
:.: .• having 12 or fewer carbon atoms which hydrocarbon group can be linear or branched, or 
... .. a halogen ^ can ^ substituted in the aromatic ring of said aromatic monocyclic 
y.:-.' hydrocarbon group; R„ represents a hydrogen atom, an amino group or alydroxyl 
J-..-.; group; and R, 2 represents a hydrogen atom or an aliphatic hydrocarbon group having 1-4 
*•"■* carbons which can be linear or branched. 

.llli 3 ' A dipeptide compound or Phannaceutically acceptable salt comprising general 
formula (m): 

General formula III 
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(Ill) 



wherein X represents a methylene group (-CH 2 -); a chloromethylene group 
(-CH(Cl-), an oxygen atom, a sulfur atom or a sulfonyl group (-S0 2 ); R 2! and each 
represents a hydrogen atom or an aliphatic hydrocarbon group 1-6 carbons which can be 
linear or branched; R M represents a hydrogen atom, an amino group or a hydroxyl group; and 
R, 2 represents a hydrogen atom or an aliphatic hydrocarbon group having 1-4 carbon atoms 
which can be linear or branched. 

4. A. dipeptide compound or pharmaceutically acceptable salt thereof comprising 
general formula (IV): 

General formula IV 
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wherein X represents a methylene group (-CH 2 -), a chloromethylene group (-CH(C1-), 
an oxygen atom, a sulfur atom or a sulfonyl group (-SO2); K 2 i and R22 each represents 
a hydrogen atom or an aliphatic hydrocarbon group 1-6 carbons which can be linear 
or branched; Rn represents a hydrogen atom, an amino group or a hydroxyl group; 
and R, 2 represents a hydrogen atom or an aliphatic hydrocarbon group having 1-4 
carbon atoms which can be linear or branched; and R 31 , R 32 and R^ each represents a 
hydrogen atom, a halogen atom or an aliphatic hydrocarbon group having 1-4 carbons 
which can be linear or branched. 

5. A dipeptide compound or pharmaceutically acceptable salt thereof comprising 
general formula (V): 

General formula V 
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wherein R, , represents an amino group or a hydroxyl group, R I3 represents a methyl 
group or an ethyl group and R 2I and R* each represents a hydrogen atom or a methyl 
group. 

... 6. A dipepu-de compound or pharmaceutical^ acceptable salt thereof comprising 
• J. general formula (VI): 

"•' General formula VI 




(VI) 



wherein R„ represents an ammo group or a hydroxyl group, R l2 represents a methyl 
group or an ethyl group; R 21 and R H each represents a hydrogen atom or a methyl group; 
and R 31 , Rjj and R 33 each represents a hydrogen atom, a halogen atom or a methyl group. 
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An anti-HTV agent comprising a dipeptide compound according to any one of Claims 
1 to 6 or a pharmaceutically acceptable salt thereof effective to inhibit fflV protease 
activity in association with a pharmaceutically acceptable carrier and/or diluent. 

A method for manufacturing a medicament comprising the step of bringing together a 
dipeptide compound according to any one of Claims 1 to 6 or a pharmaceutically 
acceptable salt thereof with a pharmaceutically acceptable carrier and/or diluent 

A method for inhibiting HIV protease activity which comprises administering to a 
patient a therapeutically effective amount of a dipeptide compound according to any 
one of Claims 1 to 6 or a pharmaceutically acceptable salt thereof. 

Use of a dipeptide compound according to any one of Claims 1 to 6 or a 
pharmaceutically acceptable salt thereof in therapy. 

A dipeptide according to any one of Claims 1 to 6 or pharmaceutically acceptable salt 
thereof, methods for their manufacture or pharmaceutical compositions or methods of 
treatment involving/containing them, substantially as hereinbefore described with 
reference to the Examples. 

A method for the preparation of a dipeptide compound or pharmaceutically 
acceptable salt thereof according to general formula (I): 
General formula (I) 
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• • • 

• • • 




(I) 



O H 

wherein R, represents a 5-membered or 6-membered monocyclic hydrocarbon group 
or heterocyclic group wherein more than one carbon atom of said monocyclic 
hydrocarbon group is substituted with a hetero atom, and 3 or fewer groups can be 
substituted in said cyclic group; X represents a methylene group (-CH 2 -), a 
chloromethylene group (-CH(C1)-), an oxygen atom, a sulfur atom or a sulfonyl 
group (-S0 2 -); R 2 i and R22 each represents a hydrogen atom or an aliphatic 
hydrocarbon group having 1-6 carbons which can be linear or branched; R 3 represents 
an aliphatic hydrocarbon group having 1 -6 carbons or a monovalent group 
comprising an aromatic monocyclic hydrocarbon group having 12 or fewer carbon 
atoms in total, wherein said hydrocarbon group can be linear or branched, or a 
halogen atom can be substituted in the aromatic ring of said aromatic monocyclic 
hydrocarbon group, 

which comprises condensing a compound of formula (IX) 



• 

• • • 

• • • 




(Dt) 
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wherein X, R^, R 2 , and R 22 are defined in general formula (I), with a compound of 
formula (XIII) or a reactive derivative thereof 



O 

.A 



OH 



(xm) 



wherein R, is defined in general formula (I). 

A method of claim 12, wherein the reactive derivative is a compound of formula 



wherein Y is derived from an additive compound or acid chloride, and K x represents 
the same as Ri in the aforementioned general formula (I). 

A method of claim 12 or claim 13, wherein X represents a sulfur atom. 

A method of claim 14, wherein the compound of general formula (1) is condensed 
with a compound of formula (XIII) in the presence of a carbodiimide reagent and an 
additive compound. 

A dipeptide compound or pharmaceutical^ acceptable salt thereof according to Claim 

1, wherein X is a sulfur atom. 

A dipeptide compound or pharmaceutically acceptable salt thereof according to Claim 

2, wherein X is a sulfur atom. 



(XIV) 



o 
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18. A dipeptide compound or pharmaceutical^ acceptable salt thereof according 
to claim 3, wherein X is a sulfur atom. 

19. A dipeptide compound or pharmaceutical^ acceptable salt thereof according 
to claim 4, wherein X is a sulfur atom. 

20. The dipeptide compound or pharmaceutically acceptable salt thereof 
according to claim 4, wherein X is a sulfur atom; R 2l , R 22 , R 31 and R 12 each 
represents a methyl group; R^ and R 33 each represents a hydrogen atom; 
and R u represents a hydroxyl group. 

21. A method of suppressing HIV proliferation in vivo comprising contacting 
cells which are infected with HIV with an effective viral inhibiting amount 
of dipeptide compound according to claim 5 or 6 or a pharmaceutically 
acceptable salt thereof. 

DATED this 1 1th day of March 1999 

JAPAN ENERGY CORPORATION 

By Its Patent Attorneys 
DAV1ES COLLISON CAVE 



